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A    COMPARISON    OF    VARIOUS     CUPOLAS. 


{Durjee.) 


)  Location  op  Cup( 


Royal  Foundry  at  Gleiwitz,      

Royal  FounHry  at  Berlin 

K.  Marienhiitte  Zwickau 

K.  MaricnhiitCe  Zwickau 

Magdeburg  works, 

Ireland,  cupola  at  Hurdc 

Gerhard!  (Ireland) 

Portable  cupola  at  Saint  Gervais,     .   .   . 

Ireland  at  Borsig's  works, 

Krigar,  at  Zwickau,  . '. 

Kngar,  in  Prussia, 

Krigar,  in  Silesia, 

Ireland,  at  Britannia  Foundry, 

Krigar,  in  Westphalia 
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Ibbruger,  at  Gleiwitz 

Sbefhcld,  hot-blast 

Gmelin,  at  Budapest, 
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Voisin,  at  Pompey I[ 

Angers,  Ecole  dcs  Arls  ei  Mdtiers,  .   .   . 

Herbert?,  at  Cologne a 

Hcrberti,  at  Cologne b 

Common  cupola  at  Chisnyoviz,    .   .   ,   , 

Greincr&  Erpfat  Chisnyoviz, 

Greiner  St  Erpf  at  Budapest, 

Gremeri  Erpfat  Prague 
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{Confinucd  from  VoL  c.xxvi,  page  447.) 

V. 

CUPOLAS    HAVING    SUCTION     BLAST. 

Long  before  the  steam  ejector  was  invented,  natural  draft 
had  been  tried,  but  the  melting  capacity  of  the  cupolas  to 
which  it  had  been  applied  was  very  small ;    there  being  a 

*  Etude  sur  les  cubilots  pour  la  fusion  de  la  fonte.    Par  M.  A.  Gouvy  Fils," 
published   in    "  Mcmoires  et  compte  rendu  des  travaux  de  la  Socicte  des 
Ingenieurs  Civils."    Paris,  1887.    pp.  723-766. 
Whole  No.  Vol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  i 
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considerable  loss  of  heat,  because  the  time  required  to 
attain  the  melting  heat  of  iron  was  relatively  long,  and  the 
quantity  of  air  supplied  siinply  by  the  draft  was  ven- 
limited. 

As  earlv  as  1855,  Kerl  speaks  of  a  natural  draft  cupola  at 
Zintgraff ;  more  recently  Hcaton  erected  at  Langley  Mills  a 
cupola  on  the  same  system,  and  in  1865  CanJion  obtained  a 
patent  for  an  analogous  construction  ;  all  these  cupolas  have 
been  abandoned  for  the  reasons  above  given. 

Sir  R.  Mallet,  in  an  article  written  in  1871,"  speaking 
of  the  Heaton  cupola,  makes  the  following  critical  remarks, 
which  we  regard  as  very  just : 

"  That  this  apparatus  will  melt  iron  is  evident,  if  suffi- 
cient time  is  allowed  to  obtain  the  necessan-  heat.""  *  -^  *^ 
"  This  furnace  may  be  well  suited  to  the  Heaton  process,  in 
which  the  demand  for  iron  is  regular,  and  in  some  degree 
continuous  :    but   it  is  not  good  for  anything  in  a  foundry." 

The  employment  of  a  jet  of  steam  to  force  the  draft  is 
subject  to  only  a  part  of  the  objections  to  the  foregoing 
methods;  and  the  ffi^^^^/rt'^'r^/ cupola,  patented  in  1865,  does 
not  embody  all  the  advantages  that  we  desire. 

The  Woodzvard  Cupola. — This  cupola.  Fig.  22,  was  furn- 
ished with  two  rows  of  tuyeres ;  the  upper  row  was  the 
smaller  and  intended  for  lighting  the  cupola,  being  closed 
during  ordinary  work,  but  were  opened  in  case  it  was  desired 
to  obtain  the  greatest  possible  product.  The  suction  was 
produced  at  the  centre  of  the  neck  of  the  cupola,  by  a  jet  of 
steam  in  a  chimney  of  sheet-iron.  The  pressure  of  the 
steam  used  varied  from  fortv-five  to  fifty-five  pounds  per 
square  inch.  The  charge  was  introduced  by  means  of  a 
lateral  hopper. 

Sir  R.  Mallet,  in  the  article  already  cited,  speaks  very 
unfavorably  of  this  system,  saying : 

"  There  will  be  required  a  high  pressure  boiler,  without  a 
steam  engine  ;  but  a  low  pressure  boiler  and  a  fan,  driven 
by  a  steam  engine,  will  produce  the  same  results  with  much 
greater  ease." 

This  criticism  is  a  little  exaggerated,  as  it  is   not  really 

*  Practical  Mechayncs  Journal,  3d  series,  vol.  5. 
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necessary  to  have  a  pressure  beyond  forty-five  to  fift3'-five 
pounds,  and  the  absence  of  a  steam  engine  is  an  important 
advantage  when  considered  with  reference  to  the  first  cost 
of  an  establishment  and  its  subsequent  maintenance; 
finally,  we  can  regulate  the  draft  at  pleasure  by  modifying 
the  dimensions  of  the  ejector  and  the  admission  of  steam 
thereto. 


As  regards  the  consumption  of  fuel,  the  Woodward  sys- 
tem has  given  variable  results,  which  may  properh'  be 
attributed  to  the  different  dimensicms  of  the  tuyeres,  which 
were  generally  too  small,  and  also  to  incomplete  combustion 
due  to  an  irregular  distribution  of  oxygen,  as  has  been 
before  said. 


Durfc 
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The  Hcrbcrtz  Cupola. — In  the  cupola,  patented  by  M. 
Herbertz,  of  Cologne,  at  the  commencement  of  this  year 
(1887),  [Fig.  2j),  the  first  of  the  disadvantages  inherent  to  all 
the  old  systems  in  which  high  pressure  blast,  with  very  con- 
tracted tuyeres,  was  employed,  is  overcome,  since  we  can 
augment  at  pleasure  the  area  of  the  annular  tuyere ;  but 
the  second  still  remains.  This  cupola,  when  compared  with 
those  which  precede  it,  is  found  to  be  in  reality  a  combina- 
tion of  the  systems  of  Woodward  and  McKenzie,  with  a 
slight  improvement  by  which  the  annular  aperture  which 


^ 


Fig.  23.     The   Herbertz   Cupola. 

replaces  the  tuyeres  can  be  varied  in  height,  by  raising  the 
crucible  by  means  of  the  fixed  screws. 

The  consumption  of  steam  *  for  creating  a  draft,  amounted 
to  204  pounds  per  hour,  with  an  ejector  whose  diameter 
was  four-tenths  of  an  inch ;  in  case  a  Root  blower  (requir- 
ing about  three  horse-power)  were  employed,  the  con- 
sumption of  steam  would  be  in  the  vicinity  of  198  pounds; 
so   there  is  not  much  economy  in    that   direction.     With 


*  .S/aA/  und  Eisen,  No.  6,  Juni,  1886,  p.  399,  and  Revue  Industrielle,  Mai- 
Juin,  1886,  p.  541. 
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regard  to  the  consumption  of  fuel,  the  trials  made  in 
December,  1885,  at  Cologne,  with  a  coke  having  three  per 
cent,  water  and  6"8  per  cent,  ash,  gave  five  per  cent,  of 
coke  for  melting,  and  9-9  per  cent  altogether  (this  included 
the  coke  for  lighting,  the  small  coke  recovered  at  the  end 
the  "heat"  being  deducted). 

These  results  are  evidently  satisfactory,  but  do  not  very 
much  exceed  those  attained  in  other  cupolas  in  actual  use 
in  well  managed  works ;  the  author  of  the  article  in  StaJil 
und  Eisen,  shows  for  example  the  results  of  the  Herbertz 
cupola,  compared  with  those  of  Krigar  and  Ireland,  and  we 
now  reproduce  in  part  in  the  table  below  : 


Coke  in 

Per  Cent. 

OF 

Iro 

N. 

For  Melting 

Total. 

870 

[ 

12  40 

6-32 

i6'70 

5-IO 

850 

6' 70 

9'io 

I2"00 

18-70 

1320 

14-70 

500 

990 

I0"20 

12 -70 

Trials. 


1  I  Kreigar  System  having  a  detached  crucible,     .... 

2  Kreigar  System  having  a  detached  crucible,     .... 

3  Kreigar  System  having  a  detached  crucible 

4  Kreigar  System  having  a  detached  crucible,      .... 
3  Ireland, 

6  Ireland 

7  Herbertz,  first  trial, 

8  Herbertz,  second  trial, 

From  this  we  see  that  the  results  obtained  by  the  Herbertz 
cupola  do  not  compare  very  favorably  with  the  other  sys- 
tems, while  they  themselves  are  far  from  the  requirements 
of  theory  in  their  consumption  of  coke. 

This  circumstance  is  probably  due  to  the  pressure  of 
blast  being  too  feeble  to  allow  the  oxygen  to  penetrate  the 
pores  of  the  coke,  as  it  would  if  the  air  were  injected  under 
a  pressure  of  eight  to  twelve  inches  of  water ;  the  com- 
bustion being  superficial  and  irregular,  and  also  to  the 
deviation  of  the  currents  of  air  drawn  to  the  very  short 
chimney  by  the  steam  aspirator,  and  finally  to  an  excess  of 
air  as  shown  by  analysis. 

The  gas  from  the  tops  of  the  cupolas  of  Krigar  and 
Ireland  is  composed  (in  volumes)  as  follows,  viz : 

12-42  to  1 6" 5  5  per  cent,  of  CO"- 
255  to  1 173  per  cent,  of  CO 
and      o  per  cent,  of  oxygen  ;  whereas  in   the  Her- 
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bertz  cupola  we  find,  according  to  the  author  already  cited  :* 
107  to  1 1 '5  per  cent,  of  CO^ 
o     to    3-4  per  cent,  of  CO 

67  to    8*2  per  cent,  of  oxygen,    or    7*5    per   cent,  as   an 
average. 

Which  means  that  in  ever}-  100  cubic  feet  of  gas  which 
traverses  this  cupola,  there  is 

100  X  7-5        o-  7 
21 

cubic  feet  of  useless  air  drawn  in,  which  must  have  carried 
off  a  notable  quantity  of  heat,  in  addition  to  that  lost  by 
the  escape  of  2*55  to  1173  per  gent,  of  carbonic  oxide  not 
transformed  into  CO". 

However,  if  we  recognize  the  fact  that  for  every  220 
pounds  of  iron  charged  there  is  from  504  to  630  cubic  feet 
of  air  used,  we  shall  be  able  easih'  to  account  for  the  loss. 
We  must  add  finally  that  the  production  is  ver\^  small  when 
compared  with  cupolas  of  the  same  diameter  using  a  forced 
blast. 

Krigars  cupola  with  forced  draft. — In  1884,  M.  Krigar  had 
also  obtained  a  patent  for  a  cupola  having  a  detached 
crucible  ;  this  cupola  was  blown  by  a  jet  of  steam  placed 
over  the  detached  crucible,  which  drew  the  air  through 
large  openings  in  the  sides  of  the  cupola,  which  were  pro- 
vided with  regulating  valves  for  directing  the  air  toward 
the  crucible,  into  which  it  was  drawn,  and  from  which  it 
was  forced  bv  the  ejector,  which  was  placed  in  the  small 
chimnev  before  named  (Figs.  2^  and  2j).  The  zone  of  fusion 
is  therefore  below  the  entrance  of  the  air.  In  this  system 
it  is  true  that  the  gas  is  available  for  maintaining  the  heat 
of  the  iron  gathered  in  the  detached  crucible,  although  the 
charge  is  not  heated  in  advance  of  its  arriving  at  the  zone 
of  fusion,  but,  on  the  contran.^  it  is  traversed  by  the  cold 
blast,  and  although  we  know  nothing  of  the  results  which 
have  been  attained  in  practice,  we  believe  that  we  are  cor- 
rect in  saying  that  this  cupola  is  far  from  realizing  any 
economy  in  fuel ;  at  its  best  it  will  not  waste  as  much  iron, 

*  Siahl  und  Eisen,  No.  6,  Juni,  1866. 
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and  therefore  there  will  be  less  decarburization,  as  the  metal 
is  not,  as  in   the   other  systems,  under  the  influence  of  an 


Figs.  24,  25.     The  Krigar  Cupola  with  Forced  Draught. 

ascending  current  of  air,  and  an  atmosphere  more  or  less 
oxidizing. 

VI. 


COMPLETE   COMBUSTION   OF   THE   CARBONIC   OXIDE. 

In  all  the  systems  which  we  have  passed  in  review,  the 
complete  transformation  of  the  coke  into  carbonic  acid  has 
received  but  secondary  consideration  ;  whereas  this  is  one  of 
the  most  important  conditions  for  economical  melting,  and 
it  does  not  appear  that  we  have  taken  sufficient  account  of 
the  fundamental  principles  by  which  carbonic  acid,  when  in 
contact  with  carbon  heated  to  a  red  heat,  gives  up  one-half 
of  its  oxygen  and  passes  to  the  state  of  carbonic  oxide. 


8 
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In  all  cupolas  having  a  single  row  of  tuyeres  placed  from 
27*5  to  3 1 "5  inches  above  the  bottom  of  the  crucible,  the 
carbonic  acid  resulting  from  the  combustion  of  the  coke  in 
front  of  the  tuveres  in  the   section  a,  «,  encounters  in  the 


section  a\  aS  immediately  above,  a  layer  of  incandescent 
coke,  and  is  nearly  all  transformed  into  carbonic  oxide ;  and 
the  carbonic  oxide  thus  formed  coming  in  contact  with 
sufficient  air  (i  vol.  of  O  for  i  vol.  of  CO),  the  result  is 
carbonic  acid  with  a  development  of  heat. 

If,  for  example,  2-2  pounds  (i  kilo.)  of  coke,  having  eight 
per  cent,  ash,  is  transformed  into  carbonic  acid,  there  will 
be  developed  7,434  calories,  and  the  same  coke  converted 
into  carbonic  oxide  generates  but  2,275  calories,  being  5,159 
calories  less  ;  it  results  that  the  system  by  which  the  largest 
part  of  the  coke  is  transformed  into  CO"  is  the  most 
advantageous,  and  approaches  nearest  to  theoretical  perfec- 
tion, without  regard  to  the  fact  that  with  the  same  sized 
cupola  we  are  able  to  melt  a  very  much  greater  quantity  of 
iron  per  hour. 

The  J^oisiii  Cupola.- — ]\I.  Voisin  appears  to  be  one  of  the 
first  to  have  given  attention  to  this  point ;  in  some  investi- 
gations for  determining  as  exactly  as  possible  the  space 
above  and  below  the  axis  of  the  tuyeres,  occupied  by  the 
zone  of  fusion,  he  found  that  this  zone  extended  at  most 
but  six  inches  in  each  direction.  We  are,  therefore,  easily 
able,  by  measuring  the  temperature  at  various  heights,  to 
ascertain  the  level  at  which  the  most  carbonic  oxide  is 
formed,  and  it  is  at  this  level  that  M.  Voisin  places  a  second 
row  of  tu\^eres,  with  the  intention  of  re-forming  carbonic 
acid  and  thus  create  a  second  zone  of  fusion. 
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With  the  Voisin  cupola,  illustrated  by  Figs.  27  and  bS,'^ 
100  pounds  of  iron  were  melted  with  eight  pounds  of  coke, 
a  result  which  has  been  augmented  nearly  twenty  per  cent., 


Figs.  27,  28.     The  Voisin  Cupola. 


Section  through  the  Lower  Tuveres. 


although  the  coke  was  of  an  inferior  quality ;  the  system  is 
also  very  easy  of  application  to  existing  cupolas. 

The  Angicrs  Cupola. — The  cupola  established  at  the  Ecole 
des  Arts  et  Metiers,  at  Anglers,*  has  an  arrangement  simi- 


*Armengaud:  Publication  Industrielle.     Vol.  22,  p.  185. 


lO 


Durfee  : 


[J.F.I.. 


lar  {Fig.  2g)  to  the  Voisin  cupola;  the  vertical  section  is 
somewhat  different,  as  it  presents  a  contraction  above  the 
upper  row  of  tuyeres,  whereas  the  preceding  cupola  is 
simply  conical." 


I 


Fig.  29.     The  Cupola  of  the  School  at  Angers. 

The  Anglers  cupola  has  four  tuyeres  in  each  row ;  they 
are  of  a  circular  section  2*16  inches  in  diameter;  the  two 
rows  are  25*6  inches  apart. 


*  The  profiles  used  for  the  Voisin  cupola  are  not  of  necessity  conical,  as 
is  indicated  by  the  figures  in  the  table  annexed  to  this  paper. 
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With  a  pressure  of  8*66  inches  of  water  they  are  able  to 
melt  8,816  pounds  of  iron  per  hour,  with  a  consumption  of 
from  8'4  to  9*3  per  cent,  of  an  average  quality  of  coke. 

The  Hamelius  Cupola. — In  1880  M.  Hamelius,  of  Paris, 
obtained  a  patent  for  a  cupola  analogous  to  the  foregoing, 
with  this  difference :  instead  of  the  upper  tuyeres  having 
one  common  wind-box,  they  each  received  the  wind  through 
a  vertical  tube  provided  with  a  regulating  valve ;  we  also 
find  the  same  arrangement  in  the  Bichon  cupola. 

TJie  Stciuart  System.'^ — The  Stewart  cupola,  of  which  we 
have  often  heard  in  recent  years,  and  which  is  still  in  use  in 
England,  is  said  to  be  an  improvement  on  the  Voisin 
system,  because  it  is  furnished  with  three  rows  of  tuyeres, 
of  which  the  upper  row  is  provided  with  regulating  valves. 

Stewart  constructed  this  cupola  with  and  without  a 
detached  crucible  in  front,  and  also  in  certain  cases  made 
the  detached  crucible  movable  on  rails. 

A  special  arrangement  allowed  the  hot  air  of  the  crucible 
to  be  brought  into  the  wind-box,  and  by  an  inverted  injector 
cold  air  was  blown  into  the  crucible  for  the  purpose  of 
refining  the  iron, 

DETERMINATION    OV   THE   NEUTR.\L   ZONE. 

Now  when  we  consider  that  theoretically  the  melting  of 
ICK)  pounds  of  iron  with  coke  having  eight  per  cent,  of  ash, 
the  coke  being  all  consumed  to  carbonic  acid,  requires  but 
four  pounds  of  coke  (in  case  the  coke  is  simply  transformed 
into  carbonic  oxide  there  will  be  required  13*33  pounds),  we 
see  that  furnaces,  having  two  rows  of  tuyeres,  and  which 
consume  from  six  to  twenty-five  per  cent,  of  coke  for  melt- 
ing (not  counting  the  coke  used  for  "the  bed")  do  not 
possess  all  the  requirements  of  perfect  cupolas. 

It  is  obvious  that  the  coke  above  the  tuyeres  b  b,  in  the 
section  b'  b',  bears  the  same  relation  to  the  CO^  produced 
in  b  b,  as  the  coke  in  the  section  a'  a'  holds  with  regard  to 
the  carbonic  acid  developed  in  the  section  a  a,  although  the 
quantity  of  carbonic  acid  produced  at  6  6  is  less  than  at  a  a, 

*  Engineering,  1884,  p.  56. 
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for  the  reason  that   the  tuyeres  6  h  are  much  smaller  than 
those  at  a  a;  the  temperature  is,  therefore,  lower  and  the 


zone  of  fusion  less  extended.  It  is  for  this  reason  that  we 
always  obtain  in  the  space  above  6  6,  a  certain  quantity  of 
CO  which  escapes  at  the  throat  of  the  cupola. 

It  is  not,  however,  necessary  that  the  descending  mate- 
rials attain  the  temperature  of  the  incandescent  coke,  but 
only  that  the  ascending-  gases  are  hot  enough  to  take  fire 
when  in  contact  with  the  air.  If,  therefore,  we  introduced 
air  bv  tuyeres  above  the  zone  of  fusion  6  h,  last  established, 
we  shall  consume  the  carbonic  oxide ;  but  it  is  in  this  case 
very  difficult  to  determine  with  precision  the  proper  posi- 
tion of  a  third  row  of  tuyeres  in  the  same  horizontal  plane, 
so  much  the  more  from  the  fact  that  the  materials  do  not 
alwa3'S  descend  in  parallel  layers,  thus  permitting  the  con- 
centration of  the  combustion  of  the  gas  in  one  plane,  and 
elevating  rapidly  the  temperature  of  the  coke  to  incan- 
descence, so  that  a  reduction  of  the  carbonic  acid  will  be 
again  possible. 

We  arrive,  therefore,  naturally  at  a  new  solution,  con- 
sisting of  an  arrangement  of  a  series  of  tuyeres,  intended  to 
ser\^e  the  zone  described  (which  we  may  call  the  luiitral 
zone),  not  in  one  plane,  but  in  a  curve  embracing  a  certain 
height  of  the  cupola. 

The  Xorris  System. — This  arrangement  was  already  used 
in  a  very  primitive  fashion  in   1855,  and  probably  without 
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a  knowledge  of  the  advantages  which  we  are  now  able  to 
realize  by  its  judicious  employment.  B.  Kerl*  mentions  a 
Norris  cupola  "with  a  profile  enlarged  at  the  top,  blown 
with  hot-blast  and  furnished  with  six  tuyeres  arranged  in  a 
helix  about  its  periphery,  so  that  the  currents  of  air  are 
thrown  into  the  column  of  material  formed  by  the  charge, 
at  different  heights,  "-^  *  *  the  descent  of  the  rapid 
succession  of  charges  is  accelerated  by  the  great  increase  of 
heat,  which  also  gives  a  very  liquid  iron." 

This  division  of  the  zone  of  fusion  through  a  certain 
height  did  not  give  the  best  results,  either  in  regularity  of 
descent  of  the  charge,  or  in  the  matter  of  loss  of  iron,  which 
he  admitted  was  considerable. 

Cupola  of  Greincr  &  Erpf. — A  new  system,  having  the 
merits  which  we  have  so  long  advocated,  and  which  is  based 
entirely  upon  the  theoretical  considerations  herein  before 
explained,  was  patented  by  MM.  Greiner  &  Erpf,  of  Chis- 
nyoviz  (Chisnovoda),  in  Hungary,  and  the  cupola  was  shown 
by  a  model  at  the  National  Hungarian  Exposition  at  Buda- 
pest in  1885. 

These  inventors  distribute,  at  a  height  (determined  by 
experiment)  above  the  lower  tuyeres  of  fifty-one  to  fifty-nine 
inches,  and  arranged  in  a  helical  curve,  the  small  tuyeres 
which  furnish  the  air  necessary  for  the  combustion  of  the 
carbonic  oxide  which  escapes  from  the  lower  part  of  the 
cupola ;  this  gas  burns  throughout  the  whole  of  this  zone 
with  a  blue  flame,  and  the  heat  disengaged,  which  is  insuffi- 
cient to  raise  the  coke  to  a  red  heat,  is  entirely  utilized  in 
heating  the  descending  charge. 

In  the  first  cupolas  erected  on  this  plan,  we  find  the  small 
tuyeres  supplied  from  a  wind-box  of  cast  or  sheet-iron  made 
in  a  helical  form,  which  received  its  air  from  the  same  wind- 
box  which  supplied  the  lower  tuyeres,  or  the  wind-box 
received  it  by  means  of  two  vertical  tubes  furnished  with 
valves  {Fig.  jo).  It  was  therefore  not  possible  to  regulate 
the  blast  for  such  of  these  small  tuyeres,  or  to  close  any  of 

*  Bruno  Kerl :  Handbuch  der  Metallurgist  hen  Hi'ittenkiinde*,  iSjs  ;  and 
Berg  und  Hi'ittetikunde  for  the  same  year. 
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them  according-  to  the  rate  of  melting-  of  the  furnace,  which 
would  have  been  a  rational  method  of  procedure ;  and, 
moreover,  the  construction  of  this  helical  box  was  compli- 
cated and  costly. 

In  the  new  arrangement  finally  adopted  for  all  the 
cupolas  of  this  system  recently  constructed,  the  helical  box 
is  replaced  by  a  certain  number  of  vertical  tubes  connected 


uolW 


P^IGS.  30,  31.     The  Greiner  &   Erpf  Cupolas  for  the  complete  Combustion . 
of  the  Carbonic  Oxide. 

with  the  wind-box  of  the  lower  tuyeres,  each  being  provided 
with  a  regulating  valve  {Figs.ji  and  J2). 

We  are  practically  successful  with  this  construction,  in 
conveniently  regulating  the  pressure  and  volume  of  the  air 
delivered  by  the  small  tuyeres,  so  that  the  gas  at  the  throat 
of  the  cupola  is  barely  lukewarm  and  contains  but  a  mini- 
mum quantity,  and  even  sometimes  no  CO. 

In  the  cupola  tried  at  Chisnyoviz  there  was  but  three 
pounds  of  coke  coUvSumed  for  the  melting  of  100  pounds  of 
iron,  and  the  lighting  coke  for  each  "  heat "  was  from  386  to 
440  pounds. 

The  pressure  of  the  blast  at  the  lower  tuyeres  was  from 
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070  to  0-98  inches  of  mercury  (9"64  to  i3'38  inches  of  water), 
which  it  was  not  necessary  to  augment,  the  number  of  ori- 
fices for  the  introduction  of  air  permitting  a  rapid  increase 
of  the  production  for  a  small  additional  pressure.  At  the 
small  tuyeres  the  pressure  is  reduced  to  7*87  or  6*29  inches 
of  water. 

A  circumstance  of  importance,  which  it  is  proper  to 
present  here,  and  which  is  especially  characteristic  of  the 
Greiner  &  Erpf  system,  is  this  :  When  the  coke  used  for 
lighting  (the  "bed")  is  being  consumed,  and  the  quantity 


Fig.  32.     Detail  of  one  of  the  small  Tuyeres. 

of  carbonic  oxide  passing  through  the  neutral  zone  in  front 
of  the  small  tuyeres  is  still  considerable,  it  is  possible,  as 
has  been  proved  by  various  experiments,  to  reduce  the 
weight  of  coke  in  the  regular  charges  in  a  proportion  corre- 
sponding to  the  heat  developed  by  the  combustion  of  this 
carbonic  oxide  ;  it  is  well  that  we  can  thus  easily  explain  the 
apparent  anomaly  that  in  this  cupola  we  are  able  to  reduce 
the  consumption  of  coke  for  melting  to  nearly  three  per  cent., 
whereas,  according  to  theory,  it  should  be  in  the  vicinity  of 
four  per  cent.  This  is  a  rational  utilization  of  the  coke 
used  for  lighting,  the  advantage  of  which  is  more  clearly 
manifest  when  but  small  quantities  of  iron  are  melted. 
We  will  add,  finally,  that  the  Greiner  &  Erpf  system  can 
be  easily  applied  to  any  existing  cupola  at  an  expense  of 
150  to  200  francs  at  most. 

In  the  following  table  will  be  found  a  comparison  of  the 
results  obtained  in  various  establishments  which  have 
adopted  the  system  of  Greiner  &  Erpf  ; 
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Chisnvoviz  Cupola.* 


Old  System.  Th=      S^""' 
I        Two  Changed    to 

Greiner  & 
Erpf. 


Westphalia 
Union   Society. 

Greiner  &      Greiner  & 

\ Erpft       I         Erpf.l 

The      Same    Societe  de       Fonderie 


Tuyeres . 


Date  of  Experi- 
ments. 


1883. 


Common 
Ireland 
Cupola. 


1886. 


Changed    to 

Greiner   is: 

Erpf. 


Construction    de  Schlick 
4  Prague       Budapest. 


Mean  of 
3  months. 


1886. 


1885. 


Mean  of    1 
7  heats.      I 


1885. 


414 
882  lbs. 


213 
882  lbs. 


Total     number    ofj 

charges '  207         '  136 

Weight     of    iron     per 
charge, 882  to  1 102 'bs' 882  to  1 102 

Weight     of    coke    per  I 

charge 1   74  to    iiglbs;  22  to      33 »»         ...  ...  35  lbs.  j  35  Ihs. 

Total   iron  charged,  .  '  213,347  lbs.     126,950  lbs.     666,489  lbs.     209,820  lbs.     363.680  lbs.  ■  187,781  lbs. 

Total  coke   charged,.'    20,180  lbs.         3,555  lbs.       64,346  lbs.       11,053  lbs.       '4.449  lbs.         7,288  lbs. 

Coke  for  melting  in  peri 
cent,  of  iron,  .... 

Total  coke  ("  bed  "  in- 
cluded) in  per  cent. 


of  iron. 


9-46ferCt.    2-8o  Per  Jt.|  965  Per  Ct.     5-26  Per  Ct.    3-95  Per  Ct.     388  Per  Ct. 
i2-28PerCt.    6-27PerCt    15-71  Per  Ct.    giSPerCt.    5  97  Per  Ct.    6-68  Per  Ct. 


*The  cupola  with  which  these  experiments  were  made  is  represented  by  Fig.  jo. 

flhe  dimensions  of  the  cupola  of  the  Societe  de  Construction  de  Machines  d  Prague  were 
Diameter,  3149  inches;  two  rows  of  tuyeres,  whose  distance  from  the  bottom  of  the  crucible  was  21-26 
and  25'59  inches  respectively. 

IThe  cupola  of  the  Fonderie  Schlick  de  Budapest,  had  a  diameter  of  3346  inches,  and  a  single 
row  of  tuyeres  30' 7  inches  above  the  bottom  of  the  crucible. 

The  following-  corresponding  particulars  are  also  given  : 

(I )  Societe  Anonyme  des  Hants  Fourneaux  et  Fonderies 
de  la  Louviere  (Belgique) :  Changed  two  Voisin  cupolas  of 
thirty-one  and  one-half  inches  in  diameter  to  the  Greiner 
&  Erpf  system,  and  realized  thereby  an  economy  of  thirty- 
five  per  cent,  in  coke. 

(2j  Ateliers  de  Construction  du  Comte  Stolberg  (Magde- 
burg) :  Have  one  cupola  19-68  inches  and  another  of  twenty- 
seven  and  one-half  inches  in  diameter,  which  are  run  with 
a  consumption  of  but  3*2  per  cent,  of  coke  for  melting  (not 
counting  the  "bed");  at  first  they  reduced  this  to  3*0  per 
cent.,  but  the  cupolas  "  chilled  "  very  quickly. 

(3)  Ateliers  d'Andritz  de  la  Societe  Alpine  Autrichienne: 


Jan.,  1889.]  Construction  of  Cupolas.  17 

Have  a  cupola  thirty-one  and  one-half  inches  in  diameter, 
which  consumed  5-01  per  cent,  of  Westphalian  coke. 

(4)  The  experiments  very  recently  made  at  the  Cockerill 
establishment,  at  Seraing,  show  an  economy  of  coke,  aris- 
ing from  the  substitution  of  the  Greiner  &  Erpf  system  in 
place  of  the  ordinary  method,  for  the  cupolas  of  their  Bes- 
semer steel  w^orks,  of  twenty-five  per  cent, ;  these  cupolas 
perform  perfectly  with  a  pressure  of  7 '66  inches  of  water. 

We  will  add  finally  that  the  system  of  Greiner  &  Erpf  is 
being  erected  in  various  important  works,  among  which  we 
will  mention:  Le  Creusot,  the  establishments  of  MM. 
Ferry  et  Curricque  a  Micheville  (Meurthe-et-Moselle),  etc. 

We  see  that  the  economies  realized  by  arranging  the 
tuyeres  in  a  helical  line  are  very  important,  and  that  the 
system  we  are  studying  is  the  one  which  up  to  the  present 
time  gives  the  best  practical  results — embodying  a  simple, 
judicious  and  timely  application  of  the  most  important 
principle  relating  to  the  working  of  cupolas — that  of  the 
total  combustion  of  the  carbonic  oxide. 

Notwithstanding  all  our  endeavors,  we  have  not  been 
able  to  obtain  an  analysis  of  the  gas  from  the  throat  of  this 
cupola,  and  this  circumstance  is  to  be  regretted,  as  such 
an  analysis  would  theoretically  confirm  the  advantages  of 
this  apparatus,  which  have  already  [been  established  in 
practice. 

VII. 

CUPOLAS    FIRED    WITH    GAS. 

In  all  the  cupolas  before  described  the  fuel  is  in  direct 
contact  with  the  metal  being  melted,  and  it  is  always  nec- 
essary to  avoid  the  use  of  a  coke  containing  impurities, 
especially  when  the  iron  is  intended  for  the  manufacture  of 
steel. 

In  searching  therefore  for  a  means  of  separating  the  fuel 
from  the  metal,  we  find  no  agent  superior  to  gas,  which  is 
the  final  condition  of  all  fuel  whatsoever. 

The  Dufr^n^  Cupola. — The  cupola  of  H.  Dufrene  (Paris, 
\Vn<M.i-:    Xft    \'ni,.  CXXX'II. — (Tiiiku  Series.  Vol.  xcvii.)  2 


i8 


Dnrfc 


[J.  F.  I.. 


1 88 1 1  was  furnished  with  a  gas-producer,  situated  in  front  of 
the  apparatus  {Figs.  ?j  and  j/i ;  the  pig-iron  and  scrap  were 


"W^^^--^. 
'//'^/^'^'<-^''-  ^ 


Fig. 


The  Dufrene  System. 


placed  above  the  crucible  upon  a  gridiron  made  of  a  good 
quality  of  refractory  material,  and  the  gas  ('previously  mixed 


Fig.  34.     Section  through  the  Cupola. 

with  air,  heated  by  circulating  around  the  walls  of  the  gas- 
producer),  traverses  the  gridiron  and  the  iron  piled  upon  it. 
The  Bisson  Cupola. — M.  F.  Besson,  of  Lvons,  patented,  in 
1881,  a  gas  cupola  for  rapid  melting,  furnished  with  a  kind 
of  blow-pipe  (Fig.  ?-,-),  which  developed  a  ver}'  gre^t  heat  in 
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the  apparatus ;  and  there  was  besides  above  the  crucible  a 
special  tuyere  intended  for  the  refining  of  the  iron. 

The  Bramhall  System. — In  1884,  M.  C.  Bramhall,  of  Shef- 
field, proposed  a  form  of  gas  cupola,  having  a  regenerator 
with  four  chambers,  of  the  kind  only  used  in  the  Siemens 
furnace,  which  were  traversed  right  and  left  by  the  gas 
from  the  throat  of  the  cupola  ;  the  system  supposed  also  that 
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I 
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Fig.  35.     The  Besson  Cupola. 

this  gas  is  at  a  comparatively  high  temperature,  which  would 
evidently  be  the  result  of  bad  management  of  the  cupola. 
In  all  these  cupolas  it  is  necessary  to  watch  carefully  and 
maintain  a  reducing  flame  when  we  wish  to  obtain  gray 
iron,  but  when  we  melt  iron  for  puddling,  it  is  easy  to  refine 
it  by  means  of  an  oxidizing  flame,  but  we  are  subject  in  this 
case  to  considerable  loss. 

T/ie  Krigar  Cupola,  with  tivo  Shafts. — A  special    system, 
patented  by  M.  Krigar,  of  Hanover,  already  hereinbefore 
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mentioned,  may  be  also  regarded  as  working  with  gas,  with 
this  very  important  difference,  that  the  melted  iron  comes 
in  contact  with  the  ashes  of  the  coke  at  the  lower  part  of 
the  apparatus,  before  it  enters  the  crucible  in  its  front. 

This  cupola  is  composed  of  two  distinct  shafts  {Fig.  j6) ; 
the  one  closed  at  its  top  is  intended  to  receive  the  fuel  and 


Fig.  36.     The  Krigar  Cupola,  having  two  Shafts, 
serve    as.  the   gas-producer   of    the    apparatus ;    the    other 
receives  simply  the  pig-iron,  and  materials  mixed  with  it, 
such  as  scrap  and  flux. 

The  blast,  under  pressure,  enters  the  gas-producer  shaft 
above  the  front  crucible,  and  after  traversing  the  lower  part 
of  the  fuel  rises  through  the  second  shaft  containing  the 
iron. 

We  have  given  a  very  imperfect  account  of  the  advan- 
tages which  are  offered  by  this  arrangement. 

T/ie  Riley  System. — The  most  interesting  and  most  prac- 
tical application  of  gas  for  melting  in  a  cupola,  is  that  made 
by  M.  Riley,  of  the  Blochairn  Works,  at  Glasgow,*  for  the 
manufacture  of  open-hearth  steel ;  under  this  system  the 
duration  of  the  operation  in  the  reverberatory  furnace  is 
leduced,  by  introducing  the  iron  in  a  liquid  state. 

M.  Riley  arranges  in  convenient   relation  to  the  open- 


*  Autumn  Meeting  British  Iron  and  Steel  Institute,  1885. 
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hearth  furnace,  a  cupola  fired  by  gas  generated  in  a  gas- 
producer  furnished  with  a  blast ;  in  this  cupola  is  charged 
the  pig-iron,  and  then  the  steel  scrap,  without  any  solid  fuel 
{Fig.  37). 


I 


^M^ii^^ 


Fig.  37.  The  Riley  Cupola  and  Open-Hearth  Furnace. 
The  production  of  an  open-hearth  furnace  is  thus 
augmented  in  the  vicinity  of  ten  per  cent.  ;  the  principle 
advantage  of  this  arrangement  consisting  in  the  fact  that 
the  oxidation  of  the  carbon  and  silicon  takes  place  in  the 
cupola,  and  the  operation  in  the  open-hearth  is,  therefore, 
very  much  more  rapid. 

M.  Siemens  *  mentions  some  experiments  of  similar  kind 
tried  at  Landore,  by  ^I.  Hackney,  these  experiments,  it 
appears,  were  not  successful,  because  they  charged  coke 
also  in  the  cupola,  the  result  being  that  the  decarburization 
could  not  take  place  there  instead  of  in  the  reverberatory 
furnace,  in  which  the  action  of  the  oxidizing  flame  upon 
the  bath  of  metal  covered  with  slag  is  too  slow. 

With  the  apparatus  at  Blochairn,  the  melted  iron  is  run 
into  the  reverberatory  furnace  two  hours  after  turning  on 

*  Autumn  Meeting  British  Iron  and  Steel  Institute,  1885. 
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the  gas ;  at  first  the  charge  of  the  cupola  was  pig-iron  alone, 
then  ten  per  cent,  of  steel  scrap  was  added,  and  the  addition 
was  continued  until  it  amounted  to  ten  tons  for  each  ton  of 
pig-iron ;  but  in  this  case  the  lining  of  the  furnace  did  not 
resist  corrosion  well.* 

The  consumption  of  fuel  in  the  gas  producer  appears  to 
have  been  reduced  to  7*2  per  cent,  of  the  pig-iron  charged 
in  the  cupola ;  and  the  product  per  hour  was  two  tons. 

We  must  note  that  as  early  as  1844  Joshua  Marshal 
Heath  had  taken  a  patent  for  a  reverberatory  furnace  com- 
bined with  an  ordinary  cupola  for  the  manufacture  of  iron 
and  steel,  by  the  addition  of  manganese  + — the  apparatus 
was  furnished  with  a  carbonic  oxide  blow-pipe  and  tuyeres ; 
— but  Heath  charged  coke  in  the  cupola ;  which  resulted 
in  the  same  inconvenience  as  in  the  experiment  of  Mr. 
Hackney. 

vni. 

CHANGE    OF   THE   COMPOSITION  OF  THE   IRON  IN  THE   CUPOLA. 

In  the  preceding  pages  we  have  simply  studied  the 
cupola  as  an  apparatus  for  the  transformation  of  solid  into 
liquid  iron  by  means  of  fuel,  either  coke  or  gas,  without 
fixing  our  attention  especially  upon  the  chemical  composi- 
tion of  the  iron  and  its  mixtures. 

The  percentage  of  foreign  matter  in  the  pig-iron  which 
is  to  be  remelted  in  a  cupola  being,  however,  a  very  impor- 
tant factor — either  when  we  intend  to  make  castings  or 
more  especially  when  the  iron  is  intended  for  the  manufac- 
ture of  open  hearth  or  Bessemer  steel — it  has  been  taken 
account  of  for  certain  purposes.  In  case  of  castings  the 
percentage  of  carbon  plays  a  less  important  part  than  that 

*The  employment  of  liquid  iron  in  reverberatory  furnaces  has  often 
been  tried,  especially  for  puddling,  but  it  has  always  failed,  in  conse- 
quence of  the  rapid  wear  of  the  bottom  of  the  furnace.  Recently,  again 
(1885),  the  Dujardin  system  has  been  patented  in  Belgium,  and  this  puddling 
furnace  appears  to  have  worked  without  difficulty  and  economically. 

t  Mentioned  by  M.  H.  Bessemer  at  the  Autumn  Meeting  of  the  British 
Iron  and  Steel  Institute,  1885. 
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of  phosphorus  and  sulphur.  We  know  that  a  certain  pro- 
portion of  phosphorus  is  necessary  to  ensure  the  fluidity  of 
the  iron  so  that  it  will  reproduce  the  form  of  the  moulds 
with  exactness  ;  and  that  if  it  is  in  excess  the  castings, 
although  of  good  shape,  will  be  weak.  A  small  quantity  of 
sulphur,  not  exceeding  0"o6  per  cent,  does  not  cause  incon- 
venience, but  if  this  proportion  is  exceeded,  we  are  liable  to 
have  blow-holes,  the  iron  runs  thick  and  the  castings  are 
bad. 

In  case  the  iron  is  to  be  used  for  the  manufacture  of  steel 
the  percentage  of  carbon  is  most  important,  especially  for 
Bessemer  steel,  and  the  decarburization  in  the  cupola,  or 
otherwise,  must  be  avoided,  or  reduced  to  a  minimum,  and 
sometimes  the  carbon  mav  require  augmentation ;  the 
same  is  true  with  regard  to  the  percentage  of  silicon. 

Lastly,  the  percentage  of  manganese  in  the  spiegel 
melted  for  Bessemer  steel,  cannot  be  reduced  without  loss, 
since  the  manganese  irons  are  generally  purchased  with  refer- 
ence to  the  percentage  of  manganese  which  they  contain. 

In  the  case  of  those  irons  which  are  employed  for  pud- 
dling, we  should,  on  the  contrary,  reduce  their  percentage 
of  carbon,  and  those  cupolas  having  tuyeres  directed  down- 
ward towards  the  crucible,  as  well  as  those  having  special 
tuyeres  for  refining  ( Besson)  are  recommended,  in  case  refined 
iron  is  used  for  this  operation ;  an  excess  of  manganese  is 
also  injurious,  because  it  makes  a  cinder  of  very  great 
fluidity,  which  reduces  the  yield. 

The  employment  of  iron  melted  in  a  cupola  for  puddling 
is  yet  very  much  restricted,  and  it  is  not  necessary  to  say 
more  of  it  here. 

Limestone. — A  means  used  everywhere,  regardless  of  the 
form  of  the  cupola,  to  prevent  the  too  great  decarbonization 
of  the  iron  when  it  passes  through  the  zone  of  fusion,  and 
encounters  a  current  of  gas  more  or  less  oxidizing,  consists 
in  the  addition  to  the  charge  of  a  certain  proportion  of 
limestone,  from  thirty-three  to  sixty-six  pounds  per  charge ; 
the  proportion  is  regulated  by  the  per  cent,  of  ash  in  the 
coke,  so  as  to  make  with  the  ash  a  cinder  of  a  composition 
suitable  to  envelop  the  particles  of  iron  within  the  zone  of 
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fusion  and  prevent  their  oxidation,  and  at  the  same  time 
reduce  the  loss. 

If  it  is  considered  desirable  to  avoid  the  presence  of 
sulphur  in  the  iron,  when  the  coke  used  contains  it,  we 
endeavor  to  obtain  a  basic  cinder  which  absorbs  the  sulphur 
of  the  coke  instead  of  allowing  it  to  pass  into  the  iron. 

Quality  of  the  Fuel. — The  quality  of  the  fuel  charged  into 
the  cupola,  therefore,  plays  an  important  part  from  a 
chemical,  as  well  as  from  a  physical  point  of  view. 

The  sulphur  contained  in  the  ash  of  the  coke  tends  to 
pass  into  the  iron,  and  we  see  that  that  may  be  prevented 
by  a  basic  cinder,  which  we  make  by  charging  a  large 
quantity  of  limestone,  which  necessitates  a  large  consump- 
tion of  fuel,  and  augments  the  net  cost. 

This  is  also  true  when  the  coke  is  very  ashy  and  of 
feeble  tenacity,  as  it  is  then  crushed  in  the  charge,  whose 
descent  is  irregular,  and  the  coke  dust  produced  is  raised 
by  the  blast  and  thrown  out  of  the  chimney  without  having 
been  utilized.  The  porosity  of  the  coke  is  also  a  factor  to 
be  considered,  inasmuch  as  coke  which  is  ven.^  dense  pro- 
duces more  carbonic  acid  than  a  porous  coke,  which  presents 
a  large  surface  of  contact  for  the  air. 

Oxygen  in  Excess. — The  presence  of  oxygen  in  excess  in 
the  gas  has  a  very  unfavorable  influence,  because  the 
decarburization  of  the  iron  is  very  great  and  at  the  same 
time  its  waste  is  increased,  but,  however,  when  the  zone  of 
fusion  is  of  small  extent,  this  waste  is  diminished,  for  the 
iron  is  exposed  for  a  less  time  to  the  action  of  the  gas  ; 
which  appears  to  be  the  case,  for  example,  in  the  Herbertz 
cupola. 

Percentage  of  Manganese. — With  regard  to  the  percentage 
of  manganese  in  the  iron,  and  especially  in  spiegel,  it  is 
very  much  reduced  in  the  cupola,  as  a  great  part  of  the 
manganese  passes  into  the  slag,  especially  when  the  tem- 
perature is  low ;  then,  again,  considerable  manganese  is  lost 
in  case  the  cinder  is  acid,  and  the  temperature  too  high, 
accompanied  with  a  low  pressure  of  blast. 

The   analysis  published  by  ^1.   de  Koppen'"  relative  to 

*  Dingier  s  Polyt.  Journal,  \^1C).     Vol.  232.  p.  53. 
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the  fusion  of  Spiegel  in  a  cupola,  indicate  an  increase  of 
Si,  C,  Ph,  and  vS,  and  a  decrease  of  AIn. 

The  augmentation  of  the  former  substances  results  in 
reality  from  a  waste  of  iron  during  melting,  which  was  very 
great,  and,  as  regards  the  carbon,  probably  there  was  a 
heavy  charge  of  coke  with  ordinary  iron. 

The  proportions  in  which  the  three  most  important  sub- 
stances varied  in  five  different  experiments  are  given  by 
M.  de  Koppen  as  follows : 


I 

1 

II 

III 

IV 

V 

'             1             1 

Amount  of                   ^          £     ! 

a        < 

02 

< 

a 

'<     j 

Before. 
After. 

a 

'5 

Melting  in  the  Cupola. 


Si,  percent., 014      o'so 


Mn,  per  cent. '  i4'8i      8'96 

C,  per  cent. 3 


14 

050 

1 

0'12 

1 
1 
049 

0'12 

0-42 

0-40 

0-66 

o'33 

81 

8-96 

14*25 

10-52  : 

14-98 

11-06 

16-24 

10-98 

1493 

98 

4-I3 

4' 40 

462 

4-48 

4-60 

4-62 

4-96 

1 

343 

0-41 

12-03 
367 


The  cinder  of  these  meltings  has  an  average  composition 
of  33'63  per  cent.  SiOa  ;  21-45  P^^  cent.  CaO;  1173  per  cent. 
Al.^Og-,  20-47  psr  cent.  Mn.,  and  5-95  per  cent.  Fe. 


THE     INJECTION     OF     VARIOUS     MATERIALS     BV     THE     BATTY 

SYSTEM. 

It  has  been  attempted  to  modify  the  composition  of  the 
iron  by  the  introduction  of  a  variety  of  materials  in  the 
cupola;  Dingier-  mentions  a  cupola  invented  by  Batty,  of 
New  York,  in  which  it  is  proposed  to  introduce,  by  the 
tuyeres,  pulverized  fuel,  such  as  the  carbon  deposited  on 
the  interior  of  gas  retorts,  or  the  residue  of  the  distillation 
of  petroleum,  which  leave  no  ashes.  Batty  proposes  thus 
to  avoid  the  oxidizing  action  of  an  excess  of  blast,  by  imme- 
diately combining  all  the  oxygen  with  the  injected  carbon, 
thus  making  a  neutral  or  even  a  reducing  flame  ;  promoting 
the  formation  of  a  "  noze  "  on  the  tuyeres,  obtaining  a  very 


*  Dingier  s  Polyt.  Journal,  1877.  Vol.  224,  p  105  ;  Polytechnic  Review,  1877  . 
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high  temperature  and  reducing  the  waste  ;  which  results,  it 
seems  to  us,  have  been  attained  by  very  much  more  simple 
means.'" 

TJie  Voisin-Bichoii  Cupola. — Another  system,  which  has 
been  much  used  in  France,  is  the  Voisin-Bichon ;  this  con- 
sists in  the  injection  of  petroleum,  or  other  heavy  oil,  by 
means  of  tubes  of  small  diameter  extending  from  two  reser- 


Figs.  38,  39.  The  Voisin-Bichon  Cupola, 
voirs  of  the  oil,  and  entering  the  cupola  through  two  oppo- 
site tuyeres  of  the  lower  row ;  a  tube  of  larger  dimensions 
enters  the  shaft  at  a  certain  height  for  the  purpose  of  heat- 
ing the  oil  by  the  gas,  so  that  it  will  readily  flow  to  the 
lower  tuyeres  {Figs.  j8  and  jg). 

The  principal  advantage  of  this  arrangement  consists  in 
the  possibility  of  obtaining  very  high  temperatures,  for  the 
fusion  of  large  masses,  by  the  employment  of  these  heavy 
oils. 

No  details  have  been  given  relative  to  the  experiments 
which  have  been  made  with  this  apparatus ;  these  would 
have  been  interesting,  especially  if  they  showed  the  net  cost. 

In  the  Voisin-Bichon  each  of  the  tuyeres  of  the  upper 
row  is  served  by  a  special  tube,  by  which  the  admission  of 
blast  can  be  regulated  at  pleasure,  and  we  are  told  that  by 
closing  the  upper  row  of  tuyeres,  at  the  beginning  and  end 

*The  injection  of  powdered  fuel  has  been  tried  repeatedly;  in  blast 
furnaces  in  Bessemer  converters  (the  Braconnier  process  for  example),  but 
the  results  have  not  been  commensurate  with  the  high  cost  of  the  apparatus 
employed. 
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of  a  "  heat,"  the  iron  was  brought  down  very  hot,  and  that 
it  was  possible  to  introduce  a  charge  of  iron  at  the  end  of 
the  heat,  without  any  fuel. 

The  Hcrdlitschka  System. — An  arrangement,  very  scientific 
and  practical,  invented  by  M.  Hcrdlitschka,*  consists  of  two 
communicating  cupolas,  joined  by  their  crucibles  {Figs.  4.0 
and  41 ).  These  cupolas  are  intended  to  work  alternately, 
and  are  each  furnished   with   a  regenerator  placed  in  the 


Figs.  40,  41.     The  Hcrdlitschka  System. 

Upper  part  of  its  shaft ;  the  various  materials  intended  for 
the  purification  of  the  iron  are  introduced  above  these 
regenerators  by  a  steam  injector. 

After  the  fusion  of  the  iron  in  one  of  these  compartments, 
and  the  metal  collects  in  the  common  crucible,  the  openings 

*  Dingier" s  Polyt.  Journal,  1880.    Vol.  4,  p.  318.    (Whatever  else  this  sys- 
tem may  be,  it  does  not  appear  very  "practical"  to  the  translator.    W.F.D  ) 
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of  this  compartment  are  all  closed,  and  the  proper  injector 
is  put  in  action,  forcing  the  chemical  reagents  through  the 
regenerator  (where  they  are  heated),  and  causing  them 
under  pressure  to  traverse  the  liquid  iron ;  it  is,  however, 
necessary-  to  previously  remove,  through  a  special  door,  the 
cinder  and  unconsumed  coke  from  the  compartment.  M, 
Herdlitschka  claims  to  thus  deprive  the  metal  of  a  great 
part  of  the  sulphur  and  phosphorus,  by  the  injection  of 
steam,  carburetted  hydrogen,  etc. 

It  is  not  very  probable  that  this  apparatus  has  been  put 
in  operation. 

Manganiferous  Coke. — A  process,  patented  in  1884,  by  the 
Societe  des  Acieries  de  Longuy,  consisted  of  the  employ- 
ment in  a  cupola  of  a  special  coke,  obtained  from  a  mixture 
of  coal  and  manganese  ore  in  an  ordinary  coke  oven ;  the 
cinder  produced  is  pretty  basic,  and  the  inventors  say  that 
it  will  remove  every  trace  of  sulphur  from  the  iron. 

The  Ibbrugcr  Cupola. — In  1879,  ^^-  Ibbruger*  built  at 
Norden  a  cupola  having  a  rectangular  section,  with  convex 
sides,  similar  to  a  Rachette  furnace ;  it  was  fitted  with 
thirty-six  slits  (to  serve  as  tuyeres)  in  two  rows  (Figs.  42  and 
^j).  The  crucible  proper  was  separated  from  the  zone  of 
fusion  by  a  wall  of  refractory  material,  and  the  gas  was 
directed  from  above  downward,  as  in  the  Krigar  cupola,  by 
aspiration,  as  already  described,  and  passing  over  the  metal 
in  the  two  crucibles,  thus  preserving  it  from  oxidation  and 
maintaining  its  percentage  of  carbon  nearly  constant.  A  sup- 
plementary tuyere  in  connection  with  the  crucible  is  intended 
to  ensure  a  perfect  combustion  of  the  gas,  and  to  allow  of  an 
oxidizing  flame  if  necessar}\  The  experiments,  which  have 
been  made  with  this  cupola  by  M.  Jiingst,  of  Gleiwitz,t 
show  that  the  same  iron  melted  three  or  four  times  improved 
in  quality  by  the  graphite  being  slowl}-  transformed  into 
combined  carbon.  The  pressure  of  the  blast  was  24*4  inches 
of  water.  The  total  consumption  of  coke  was  ten  per  cent. 
This  cupola  will  melt  with  advantage  as  much  as  forty  per 

*  Dingier' s  Poly t.  Journal,   1880.     Vol.  245,  p.  14. 
f  Eisen  Zeihing,   1885,  p.  678. 
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cent,  of  scrap  placed  in  the  crucible  or  mixed  with  the 
liquid  iron.  The  results  appear  to  have  been  satisfactory-. 
The  Krnpp  System.— \Ne  speak  lastly  of  an  apparatus, 
patented  in  1878  by  M.  F.  Krupp,  intended  especially  for 
the  purification  of  iron.^  It  is  based  upon  the  principle, 
that  if  we  melt  in  a  furnace  having  its  shaft  walls  made  of 
neutral  bricks,  and  its  crucible  lined  with  basic  or  neutral 
material,  the  liquid  iron,  when  mixed  with  basic  oxide  of 
iron,  with  or  without  oxide  of  manganese  or  lime,  loses  in 
great  part  its  manganese,  silicon,  sulphur  and  phosphorus. 


Figs.  42,  43.     The  Ibbruger  System. 

The  iron,  mixed  with  ore  (FeO),  is  melted  at  first  in  a 
cupola  furnished  with  two  rows  of  tuyeres,  and  which  is  on 
a  higher  level  than  the  purifying  cupola. 

The  experiments  made  in  a  smalljtemporary^aratus 

*lDinglers  Polyt.  Jotirtial\\^%o.     Vol.  235,  p.  373- 
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have  given  results  sufficiently  remarkable  to  justify  us  in 
reproducing  them  here  : 


Percentage  of 

c 

Si 

Mn 

Cu         !         P 

i 
1 

3' 73° 
3*ooo 
3-400 
3*400 

0*470 
0*004 
0*005 
0*002 

3"56o 
0*128 
0*210 
0*470 

Purified  iron,  first  trial, 

Purified  iron,  second  trial,    .... 
Purified  iron,  third  trial, 

0*250              0*136 
0*250              0*187 
0*250              0*210 

The  ore  employed  for  purification  contained  98*20  per 
cent,  oxide  of  iron,  0"54  per  cent,  phosphoric  acid  and  0"io 
per  cent,  of  lime ;  the  cinder,  which  was  the  richest  in 
phosphorus,  gave  on  analysis:  5'28  per  cent,  phosphoric 
acid.  26'30  per  cent,  oxide  of  manganese  (MnOi,  41  "28  per 
cent,  oxide  of  iron  (FeO)  and  17*60  per  cent,  of  silica;  it 
also  contained  i'46  per  cent.  CaO,  0*36  per  cent.  MgO  and 
0-66  per  cent,  of  S. 


IX. 


CON'CLUSIOX. 

The  result  of  this  study  shows  that  the  lowest  net  cost  of  the 
fusion  of  iron  in  a  cupola  has  been  reached  with  that  form 
of  apparatus  in  which  especial  attention  has  been  paid  to 
the  complete  combustion  of  carbonic  oxide  ( Voisin-Bichon, 
Greiner  &  Erpf ).  And  that  the  employment  of  blast 
heated  by  means  of  the  gas  from  the  top  of  the  cupola ;  the 
substitution,  for  a  pressure  blast,  of  a  natural  draft,  or  a 
draft  created  by  a  steam  exhauster;  the  injection  of  various 
materials  by  the  tuyeres  or  otherwise,  do  not  appear  to 
have  resulted  in  any  decided  economy. 

We  think  that  the  improvements  in  cupola  practice  for 
which  it  is  still  profitable  to  search,  relate  to  the  modifica- 
tion of  the  composition  of  the  iron,  by  the  removal  of  its 
impurities,  with  a  view  to  its  final  employment  for  the 
manufacture  of  steel  or  for  puddling. 

These  results  can  be  attained  by  the  addition  of  various 
materials,  either  to  the  charge  or  in  the  crucible ;  or  else  by 
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the  employment  of  a  special  lining  for  the  walls  of  the 
cupola ;  which,  last,  would  not  be  applicable  to  ordinary 
cupolas  intended  merely  for  melting  iron ;  but  more  properly 
to  such  improved  siderurgical  apparatus  intended  as  a  sub- 
stitute for  the  expensive  and  complicated  methods  of 
dephosphorization  in  a  converter  or  basic  open  hearth,  on 
which  metallurgists  have  in  recent  years  concentrated  all 
their  efforts.  It  is  true  that  it  would  be  more  direct,  if  we 
could  obtain  the  same  results  in  the  blast-furnace ;  but  the 
numerous  researches  made  in  this  direction  have  been 
unsuccessful,  for  the  reason  that  such  furnaces  are  too 
large,  the  choice  of  materials  generally  restricted,  and  the 
difficulty  of  regulating  the  operations  of  a  blast-furnace  in 
case  the  composition  of  the  charge  is  very  complicated. 
In  the  actual  state  of  things,  therefore,  we  must  record  the 
best  results  obtained  up  to  the  present  time  in  the  remelt- 
ing  of  pig-iron,  for  which  we  are  indebted  to  the  simple  and 
judicious  application,  by  MM.  Greiner  &  Erpf,  of  the 
principles  previously  used  in  the  Voisin  cupola,  and  the 
cupola  at  Anglers,  etc.,  and  afterwards  employed  with  some 
improvements  by  M.  Bichon,  which,  in  spite  of  their  mani- 
fest advantages  as  compared  with  other  apparatus,  have 
not  received  from  engineers  of  steel  works  and  foundries 
the  attention  which  they  merit. 

The  accompanying  table  gives  the  relative  dimensions,  the 
product  and  the  consumption  of  fuel  of  thirty-three  cupolas 
of  various  construction,  and  enables  us  readily  to  compare 
the  advantages  in  economy  of  fuel  of  the  different  sys- 
tems that  have  been  actually  much  employed. 
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The   NICARAGUA   CANAL. 


Bv  Commander  H.  C.  Taylor,  U.  S.  Navv. 


\_A  paper  read  at  the  Stated  Meeting  of  the  Franklin  Institute,  Wednes- 
day, October  ij,  1888 P^ 

Jos.  M.  Wilson,  President,  in  the  Chair. 
Commander   Taylor  spoke  as  follows  : 
Mr.   President,   and   Members    of  the  Institute  : 

It  appears  that,  after  all,  Columbus  was  not  mistaken 
in  sailing  westward  from  Spain  in  search  of  a  convenient 
route  to  the  East  Indies. 

The  intervening  continent,  which  checked  his  progress 
and  disappointed  his  successors  in  American  exploration, 
made  his  avowed  attempts  to  reach  the  Indies  a  complete 
failure,  though  the  rnemory  of  this  failure  was  lost  and 
obscured  in  presence  of  the  glory  of  a  greater  success,  the 
undreamed  glory  of  a  new  world. 

It  is  a  pleasing  thought,  that  four  centuries  later,  per- 
haps in  the  very  year  1892,  we  shall  see  the  wisdom  of  that 
valiant  spirit  justified,  and  European  fleets  sailing  west- 
ward from  Spain  through  an  isthmian  ship-canal,  as  the 
most  convenient  route  to  the  far  East.  The  mind  dwells 
with  satisfaction  upon  this  justification  of  the  great  navi- 
gator, and  sees,  with  a  singular  pleasure,  ships  coming  out 
of  Cadiz,  dropping  almost  immediately  into  the  soft  cur- 
rent of  the  northeast  trade-winds,  and  blown  by  them 
smoothly  across  the  Atlantic  and  Caribbean,  between  the 
islands  of  the  West  Indies,  and  quite  into  the  entrance  of  a 
Central  American  ship-canal ;  issuing  thence  into  the  same 
belt  of  gentle  favoring  winds,  and  carried  by  them  across 
the  broad  Pacific  to  those  rich  coasts  and  islands  of  the  far 
East  which  were  ever  such  powerful  magnets  to  the 
earlier  navigators.  Nor  is  this  pleasing  thought  any 
longer  an  unreasonable  one.  That  ships  shall  cross  the 
isthmus  from  vSea  to  sea  has  been  decided.  The  clamor  of 
commerce  and  its  shipping  can  no  longer  be   disregarded. 
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Transit  across  the  narrow  lands  of  Central  America  is  cer- 
tainly to  be  provided,  and  the  only  questions  are  when, 
where  and  how. 

The  search  for  a  practicable  canal  route  succeeded  to  the 
long  persistent  examination  which  had  caused  explorers  for 
so  many  years  to  penetrate  every  inlet  from  Newfoundland 
to  La  Plata,  in  the  hope  of  finding  the  strait  which  they  con- 
fidently believed  nature  had  provided  as  a  means  of  com- 
munication between  the  oceans. 

"  Men,"  said  Humboldt,  "  could  not  accustom  themselves 
to  the  idea  that  the  continent  extended  uninterruptedly 
from  such  high  northern  to  such  high  southern  latitudes." 
From  the  year  (1513)  when  Xuiiez  de  Balboa  first  looked 
upon  the  wide  sweep  of  the  Pacific,  a  century  was  occupied 
in  fruitless  efforts  of  gallant  and  capable  men  to  discover 
that  strait  which  nature  should  have  placed  there — but  did 
not. 

The  Cabots  worked  in  the  north.  D'Avila,  under  secret 
orders  of  the  Spanish  king,  scrutinized  eagerly  the  isthmuses 
and  the  vSpanish  Main ;  while  De  Solis,  under  similar 
instructions,  explored  the  coast  of  Brazil,  and  while  hope- 
fully ascending  the  great  estuary  of  La  Plata,  was  killed  by 
the  natives  of  that  region.  Ponce  de  Leon  sailed  hundreds 
of  miles  northward  from  Panama  on  the  same  errand ; 
Cabrillo  and  other  lieutenants  of  Cortez  groped  north  and 
west  from  Tehuantepec,  as  far  as  the  vicinity  of  the  present 
^Monterey  and  San  Francisco  ;  and  Cortez  himself,  under  the 
urging  of  his  royal  master.  King  Charles  V,  of  Spain,  strug- 
gled against  much  obstacle  and  disaster  to  achieve  the 
desired  discovery.  When,  however,  the  Gulf  of  California 
was  found  to  have  a  head  at  the  mouth  of  a  great  conti- 
nental river,  the  intelligent  Spanish  explorers,  already 
doubtful,  could  no  longer  believe  in  the  existence  of  any 
communication  between  the  seas,  and  the  "secret  of  the 
strait "  faded  away  into  the  dreamland  of  legend  and  fable. 
Other  nations  than  Spain  still  hoped.  As  late  as  1607,  ^^'^ 
are  told  by  Bancroft,  Virginia  colonists  were  ordered  to  seek 
communication  with  the  South  Sea  "  by  ascending  some 
stream  which  flowed  from  the  northwest,"  and  that  it  was 
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in  ascending  the  Chickahominy  with  this  end  in  view  that 
Captain  John  Smith  was  captured  by  the  natives ;  and  thus 
another  touch  of  interest  is  added  to  the  adventurous  record 
of  this  man  of  ordinary  name  and  extraordinary^  life. 

The  strait  was  indeed  an  idea  difficult  to  surrender.  It 
ought  to  be  true,  they  said.  The  seas  are  so  close  tog-ether 
for  i,ooo  miles.  Commerce  between  "Cadiz  and  Cathay" 
^so  greatly  needs  it.  It  must  be  so.  That  it  should  not  be 
was,  in  the  words  of  the  writers  of  that  day,  "  repugnant  to 
'the  interest  of  humanity."  The  "  secret  of  the  strait  "  must 
be  disclosed. 

The  world  moving,  like  all  large  bodies,  slowly  toward 
conviction,  did  become  at  last  convinced  that  nature  had 
not  pierced  the  barrier  for  our  use  and  comfort,  and  this 
conviction  once  forced  upon  it,  plans  for  an  artificial 
channel  began  soon  to  be  suggested.  The  idea  had  been 
touched  upon  by  Balboa,  Cortez  and  Saavedra,  but  the  first 
record  we  have  of  a  practical  suggestion  is  that  of  the 
Spaniard  Gomara,  who  urged  the  idea  upon  Philip  II  in 
1 55 1,  but  the  son  was  not  the  father;  nor  were  such  leaders 
as  Cortez  to  be  found,  even  had  the  spirit  of  Charles  V  still 
animated  the  actions  of  the  Spanish  throne. 

From  this  time  forward,  the  Spanish  government  seemed 
disposed  rather  to  smother  than  to  encourage  any  efforts  to 
connect  the  oceans.  As  the  old-time  Spanish  vigor 
departed,  the  feeling  grew  that  if  any  good  route  were" 
found,  it  would  only  be  snatched  from  them  by  some  of 
those  daring  Drakes  and  Grenvilles,  who,  roaming  the  seas 
at  the  head  of  brave  and  reckless  companions,  sought  every 
opportunity  to  insult  Spain  and  plunder  its  colonies. 

A  long  period  now  passed,  during  which  no  interest  was 
evinced  in  the  canal  question.  The  mystery  with  which 
the  vSpanish  government  had  wished  to  cover  it  was  com- 
plete. If  the  desire  for  knowledge  came  later,  the  failing 
vigor  of  that  nation'  stood  in  the  way  of  any  successful 
investigation. 

It  was  left  for  Humboldt  to  reawaken  an  interest  among 
the  nations,  and  to  indicate  localities  where  favorable 
results  would  be  most  likely  to  be  met  with  by  the  explorer 
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and  surveyor.  In  his  opinion,  the  valley  of  the  Atrato  and 
the  Isthmus  of  Darien  were  points  where  examinations 
should  first  be  made.  Later  we  shall  see  how  thoroughly 
these  localities  have  been  surveyed,  and  with  how  little 
success. 

Before  Humboldt's  time  Admiral  Horatio  Nelson  had 
become  thoroughly  interested  in  the  vSan  Juan  River  and 
Lake  Nicaragua,  as  being  the  great  route  for  future  transit 
between  the  oceans,  and  one  of  his  few  reverses  was  sus- 
tained in  attempting  to  gain  a  foothold  in  Nicaragua  for 
the  British  navy,  being  defeated  and  driven  back  while 
attempting  a  hostile  advance  or  reconnaissance  up  the  vSan 
Juan. 

In  1825  Nicaragua  invited  the  co-operation  of  the  United 
States  in  the  construction  of  a  canal  by  way  of  Lake  Nica- 
ragua and  the  River  San  Juan,  but  with  no  satisfactory 
results.  In  the  same  year  Mexico  caused  a  rough  survey  to 
be  made  of  the  line  7>ia  the  Coatzacoalcos  River  and  the 
Isthmus  of  Tehuantepec,  resulting  in  an  official  report  that 
the  "  canalization  of  this  isthmus  was  problematical  and 
gigantic," 

Later,  in  1828-29,  a  survey  was  made  under  orders  from 
General  Bolivar  of  a  route  substantially  the  same  as  that  of 
the  present  railway  between  Aspinwall  and  Panama. 
Nothing  was  effected  by  this  action,  except  to  put  an  end 
to  the  popular  error  that  the  mean  levels  of  the  oceans  on 
opposite  sides  of  the  isthmus  differed  appreciably.  There  are 
vStill  some,  I  believe,  among  those  who  have  not  given  their 
attention  to  this  subject,  who  are  yet  ignorant  that  differ- 
ences are  caused  only  bv  tides,  winds,  barometric  pressures, 
and  other  temporary  disturbing  causes,  and  that  the  levels 
of  the  two  seas  may  be  regarded  as  practically  the  same. 

Many  other  attempts  were  made  in  the  ensuing  years, 
and  with  uniform  lack  of  success.  In  1830,  the  Netherlands, 
beginning  fairly  enough,  were  obliged  by  the  revolution  in 
Belgium  and  its  separation  frorii  Holland  to  give  up  the 
project.  In  1835,  President  Jackson  appointed  Mr.  Charles 
Biddle  as  special  agent  to  promote  the  idea  of  an  isthmus 
canal,  and  to  visit  the  Central  American  countries  for  that 
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purpose.  Mr.  Biddle  met  with  many  difficulties,  and 
returned  to  the  United  States  with  nothing  accomplished 
of  value,  and  from  this  time  the  projects  became  too 
numerous  to  be  even  touched  upon  in  a  paper  of  this  scope. 
M.  Guizot,  under  Louis  Philippe,  urges  interoceanic  canal 
questions  upon  the  attention  of  the  Chamber  of  Deputies. 
A  bishop  of  San  Salvador  goes  to  Rome  and  urges  the  im- 
portance of  a  canal  upon  the  Pope.  All  of  no  avail ;  but  in 
1849,  a  success  is  scored,  not  for  a  canal,  but  for  the  Panama 
Railway. 

This  method  of  transit,  of  vast  service  to  commerce,  has, 
however,  bv  providing  an  imperfect  system,  retarded  the 
realization  of  that  dream,  long  cherished,  of  a  water  con- 
nection between  the  oceans. 

We  must  not  omit,  in  this  brief  sketch,  to  record  the 
attention  which  Louis  Napoleon  gave  to  the  project.  He 
studied  it  carefully,  and  had  at  one  time  thoroughly  pre- 
pared himself  to  assume  the  presidency  of  the  "  Canal 
Napoleon  de  Nicaragua."  His  views  are  best  set  forth  by 
quoting  from  his  own  writing  in  the  magazines  of  that  day, 
before  he  became  Emperor  of  the  French. 

"  The  geographical  position  of  Constantinople  is  such 
as  rendered  her  the  queen  of  the  ancient  world.  Occupy- 
ing as  she  does  the  central  point  between  Europe,  Asia  and 
Africa,  she  would  become  the  entrepot  of  the  commerce  of 
all  these  countries,  and  obtain  over  them  an  immense  pre- 
ponderance ;  for  in  politics,  as  in  strategy,  a  central  posi- 
tion always  commands  the  circumference.  There  exists  in 
the  new  world  a  state  as  admirably  situated  as  Con- 
stantinople. We  allude  to  the  state  of  Nicaragua.  As 
Constantinople  is  the  centre  of  the  ancient  world,  so  is  the 
town  of  Leon  the  centre  of  the  new,  and  if  the  tongue  of 
land  which  separates  its  two  lakes  from  the  Pacific  Ocean 
were  cut  through,  she  would  command,  by  virtue  of  her  cen- 
tral position,  the  entire  coast  of  North  and  South  America. 

"  The  vState  of  Nicaragua  can  become,  better  than  Con- 
stantinople, the  necessary  route  of  the  great  commerce  of 
the  world,  and  is  destined  to  attain  an  extraordinary  degree 
of  prosperity  and  grandejir^ 
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Here,  at  Brito,  instead  of  Leon,  will  rapidly  be  created 
one  of  the  great  world  centres  of  industry,  an  entrepot  of 
vast  international  commerce,  a  focus  of  interchange  for  the 
products  of  the  globe. 

We  must  now,  having  glanced  briefly  at  the  past  history 
of  this  great  problem,  make  a  rapid  review  of  the  work  of 
to-day,  and  consider  the  various  routes  which  have  been 
examined  during  the  last  few  years.  Although  the  boiling- 
down  process  of  precise  instrumental  surveys  has  reduced 
these  possible  lines  of  transit  to  three,  Panama,  Nicaragua 
and  Tehuantepec,  and  although  the  further  process  of  actual 
digging  and  building  will,  it  is  believed,  soon  rule  out 
Panama  and  Tehuantepec,  leaving  only  Nicaragua,  yet 
many  other  routes,  methods  and  plans  have  been  examined, 
and  no  portion  of  the  isthmuses  can  be  said  to  have  been 
neglected. 

Beginning  at  the  south,  we  find  the  Atrato  River,  recom- 
mended by  the  great  Humboldt,  rising  in  the  mountains  of 
Western  Colombia,  and  pursuing  a  northerly  course  to  its 
mouth  in  the  southwestern  corner  of  the  Caribbean.  Al- 
though its  waters  empty  into  the  Eastern  Sea,  its  course  is 
parallel  to  the  Pacific  Coast,  and  only  about  fifty  miles  from 
that  ocean.  The  main  stem  of  the  Andes,  whose  eastern 
slopes  it  drains,  separates  it  throughout  its  course  from  the 
Pacific.  This  range  is  throughout  this  portion  not  of  great 
elevation,  and  numerous  tributaries  afford,  in  their  valleys, 
easy  grades  from  the  Atrato  to  or  toward  the  crest  of  the 
divide. 

Humboldt  was  told  of  vessels  passing  from  the  head 
waters  of  the  Atrato  to  those  of  a  small  stream  flowing 
southwest  into  the  Pacific,  by  means  of  a  short  canal.  Later 
examinations  show  that  the  vessels  were  canoes,  the  canal, 
if  not  mythical,  was  a  ditch,  and  that  a  long  and  high  por- 
tage interv^ened  over  which  the  canoes  were  dragged. 
Lower  down  the  Atrato  several  lines  of  levels  were  run 
across  the  divide,  with  much  care  and  labor,  following  the 
lines  of  some  of  the  principal  tributary  streams  entering 
from  the  westward.     In  these  it  was  found   necessary  that 
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the  summit  levels  should  include  tunnels  many  miles  in 
extent,  high  enough  to  accommodate  ships  with  at  least  the 
lower  masts  left  standing,  and  involving  enormous  expense. 
Attempts  were  also  made  to  connect  the  Gulf  of  San  Miguel 
with  Caledonia  Bay  on  the  Caribbean  side ;  and  at  a  point 
farther  west,  to  connect  the  Gulf  of  San  Bias  on  the  Carib- 
bean with  the  Bayano  River,  emptying  into  the  head  of 
Panama  Bay.  Here  again  long  tunnels  or  other  formidable 
obstacles  were  soon  revealed  as  the  lines  of  levels  were 
carried  across. 

Next  cam.e  the  line  of  the  Panama  Railroad,  and  here  high 
hopes  were  entertained,  for  a  railroad  was  already  there,  and 
the  Chagres,  a  large  stream,  debouching  near  AspinWall, 
has  its  source  well  over  toward  the  Panama  or  Pacific  side 
of  the  isthmus.  After  careful  surveys  on  this  line,  it  was 
decided  that  a  lock  canal  was  possible,  though  difficult,  cost- 
ing over  $100,000,000,  and  meeting  with  trouble  in  supply- 
ing water  for  its  summit  level.  A  canal  at  the  level  of  the 
sea  was  deemed  impracticable,  it  being  considered  that  the 
violence  of  the  freshets  in  the  Chagres  placed  it  beyond 
successful  engineering  control. 

The  surveys  of  these  routes  had  been  carried  on  by  our 
Government,  but  the  interest  felt  to-day  in  the  Panama 
Canal  project  makes  it  proper  for  me  to  notice  other  work 
in  that  locality,  for  French  enterprise  had  begun  to  stir,  and 
a  speculative  company,  known  as  the  '•  International  Society 
of  the  Interoceanic  Canal,"  had  been  formed  in  Paris  in  1876. 

I  will  not  fatigue  the  Institute  with  the  monotonous 
details  of  continuous  blunders.  It  is  the  wonder  of  modern 
civilization  that  Count  De  Lesseps  should  have  been  able  to 
raise  $420,000,000  to  perform  a  work  which  was  known 
to  the  world,  outside  of  France,  as  impracticable  if  not 
impossible.  Briefly,  we  will  say  that  certain  French  gen- 
tlemen obtained  from  the  United  States  of  Colombia  a 
concession,  and  having  interested  M.  De  Lesseps  in  the  proj- 
ect, persuaded  him  to  assume  the  leadership  of  the  Panama 
sea-level  canal.  De  Lesseps,  in  1879,  caused  the  French 
Geographical  Society  to  assemble,  by  invitation,  an  Interna- 
tional Canal  Congress.     This  Congress,   thoroughly  under 


Jan.,  18S9.]  Tlic  Xicaragua  Canal.  39 

his  influence  as  to  its  committees,  and  largely  so  as  to  the 
body  of  the  Congress,  decided,  against  the  earnest  protest  of 
the  ablest  engineers  in  the  world,  to  approve  the  sea-level 
plan  at  Panama.  The  development  of  the  project  since  that 
time  can  be  read  in  the  newspapers  of  the  day.  The  com- 
pany owes  about  $420,000,000,  with  an  interest  and  fixed 
charges  of  about  $22,000,000  per  year.  I  do  not  understand 
that  M.  De  Lesseps  claims  that  more  than  one-fifth  of  his 
work  is  completed,  and  my  own  studies  of  the  subject, 
coupled  with  personal  observ^ations  in  the  earlier  part  of  the 
work,  convince  me  that  one-tenth  is  nearer  the  actual 
amount  accomplished.  Lately  a  change  has  been  made  in 
the  plan,  and  a  temporary  or  provisional  lock  canal  is  pro- 
posed, and  work  is  now  going  forward  on  that  basis. 

A  glance  at  the  comparative  profile  of  Panama  and  the 
comments  oi  Engineering  Ncivs,  of  June  2,  1888,  thereupon, 
to  be  found  in  the  Appendix,  will  show  that,  although  much 
less  remains  to  be  excavated  under  the  lock  plan  than  under 
the  sea-level  plan,  nevertheless  it  bears  such  a  proportion 
to  the  effective  cube  already  excavated,  that  we  may  safely 
say  that  only  thirty  per  cent,  is  done  toward  a  lock  canal. 

In  all  these  estimates  we  leave  to  one  side  the  question  of 
the  control  of  the  Chagres  River,  a  problem  which  seems 
hopeless  to  many  of  the  best  engineers. 

These  facts  do  not  surprise  those  who  have  studied  the 
question.  Great  engineers  warned  Paris  and  the  world  of 
just  such  a  disaster  at  the  Paris  Congress,  while  they  urged 
Nicaragua  upon  their  attention  as  being  an  entirely  feasible, 
economical  engineering  project.  We  know  why  they  were 
not  listened  to ;  we  know  how  the  French  clustered  loyally 
about  their  famous  De  Lesseps  ;  how  he,  totally  ignorant  of 
the  topographic  and  climatic  difficulties,  flushed  with  success 
and  impatient  of  contradiction,  would  hearken  to  nothing 
but  a  French  plan,  executed  by  Frenchmen. 

We  cannot  doubt  the  brilliancy  of  De  Lesseps'  vigoroUvS 
intellect.  His  long  career  vouches  for  it.  But  Napoleon  was 
brilliant,  and  yet  committed  the  foolishness  of  invading 
Russia.  He  was  great,  but  he  had  his  Waterloo.  De  Les- 
seps is  great,  but  he  has  his  Panama. 
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Omitting-  Nicaragua,  for  the  present,  and  referring  briefly 
to  the  lines  in  Costa  Rica  and  Honduras,  the  former  con- 
necting Chiriqui  Lagoon  with  the  Gulf  'of  Dulce,  and  the 
latter  crossing  from  the  Bay  of  Honduras  to  the  Bay  of 
Fonseca,  they  may  be  summed  up  by  stating  that  excellent 
locations  for  railways  were  found  here,  with  good  harbors  at 
the  termini,  but  that  the  elevation  of  the  mountain  ranges 
in  the  vicinities  made  canals  impossible. 

Passing  on  still  farther  to  the  north  and  west,  we  come 
to  the  northernmost  of  the  isthmuses,  that  of  Tehuantepec. 
Cortez'  satisfied  himself  with  regard  to  its  usefulness  as  a 
land  transit,  and  sent  by  that  line  much  of  the  equipment 
arriving  from  Europe  for  his  Pacific  fleets  fitting  out  for  ex- 
ploration and  conquest.  Later  on,  when  no  longer  used,  the 
world  fell  again  into  ignorance  concerning  it.  and  the 
ancient  legends  of  a  strait  existing  here  gained  a  fresh 
credence  until  as  late  as  the  middle  of  the  last  century. 

The  late  Captain  Eads  proposed,  as  a  canal  here  was 
impossible,  to  take  sea-going  ships,  loaded  with  heavy 
cargoes,  out  of  the  water,  lift  them  upon  a  cradle,  and  carr}- 
them  by  rail  across  six  hundred  and  fifty  feet  of  elevation, 
through  swamps  and  across  streams,  and  finally  to  lower 
them  into  the  water  on  the  other  side  of  the  isthmus. 

The  mass  of  engineering  opinion  regards  the  building 
of  embankments,  the  manao^ement  of  o^rades  and  turnings, 
to  be,  under  this  heavv  load,  difficult  and  perhaps  impos- 
sible. The  mass  of  nautical  opinion  considers  the  lifting 
and  carrying  of  heavy  ships,  loaded  with  railroad  iron  or 
other  heavy  weights,  to  be  dangerous  in  the  highest  degree 
to  the  integrity  and  safety  of  the  ships'  hulls. 

There  is  more  than  one  wav  of  avoidino^  breaking  bulk 
easier  and  simpler  than  this.  Ships  for  this  isthmus  trade 
can  be  fitted  with  interior  decks  on  which  rails  are  laid  for 
cars  of  the  lightest  and  snuggest  construction,  stowing 
closely  together,  and  losing  but  little  stowage  room  by  their 
interstitial  spaces.  Cargo  may  be  stowed  in  them,  and 
these  cars,  of  a  size  to  fit  a  narrow-gauge  road  across  the 
isthmus,  can  be  hauled  out  through  the  bow  or  stern  ports, 
in  a  dock  arranged   to  float  the  .«ihip  higher  or  lower,  as 
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needed,  in  order  to  bring  its  decks  in  succession  at  the  level 
of  the  shore  tracks. 

Those  cars  would  be  run  across  a  cheaply  constructed 
narrow-gauge  railway,  and  run  into  the  hold  of  a  ship  on  the 
other  side  of  the  isthmus,  fitted  in  the  same  way  to  receive 
them. 

Some  little  stowage  space  would,  of  course,  be  lost,  but 
this  loss  would  be  slight  compared  with  the  enormous  tolls 
each  vessel  would  have  to  pay  to  allow  dividends  on  the 
expensive  railwa}-  needed  to  carry  bodily  a  large  vessel  and 
her  cargo. 

This  is  not  a  specially  good  project;  but  it  is  one  of  many 
plans  which  are  more  feasible,  economical  and  sensible  than 
the  project  of  a  ship  railway. 

It  is  a  pleasure,  after  describing  these  problematical  loca- 
tions, these  mistakes,  these  costly  blunders,  to  have  the 
privilege  of  describing  briefly  to  this  distinguished  gather- 
ing the  project  of  a  Nicaragua  Canal.  The  value  of  this 
route  has  been  long  known.  Here,  in  Nicaragua,  the  back- 
bone of  the  continents  and  isthmus,  running  parallel  and 
close  to  the  Pacific  shore,  sinks  to  its  lowest  point,  while  its 
eastern  slope  is  washed  by  that  great  sheet  of  inland  sea, 
known  as  Lake  Nicaragua.  At  this  low  point  the  divide  is 
less  than  fifty  feet  above  the  level  of  the  lake,  and  about 
one  hundred  and  fifty  feet  above  the  mean  level  of  the 
Pacific.  Though  the  western  shore  of  the  lake  is  but  fifteen 
miles  from  the  beach  of  the  Pacific,  the  lake  drains  through 
the  River  vSan  Juan,  into  the  Caribbean  vSea.  The  lake  is 
deep  and  unobstructed,  and  the  river,  already  navigable  for 
light-draught  steamers  throughout  most  of  its  length, 
requires  but  a  little  labor  to  deepen  it. 

Here,  with  such  a  vast  water  supply  at  the  summit,  with 
the  lake  itself  as  a  siiminit  level,  nature  seems  indeed  to  have 
offered  assistance  in  connecting  the  oceans.  No  great 
engineering  difficulties  in  utilizing  the  lake  are  claimed, 
even  by  opponents  of  this  route.  There  are  no  startling 
propositions  connected  with  the  plan. 

Nature  has  decided  its  location,  and  it  only  remains  for 
man  to  stake  it  out. 


42  Taylor:  [J.  F.  I., 

The  lake  and  vSan  Juan  River  jnust  be  the  great  part  of 
the  canal,  no  matter  how  the  openings  to  the  sea  are  made. 

The  route  extends  from  Greytown  on  the  Atlantic  to 
Brito  on  the  Pacific,  a  distance  of  i69'67  miles,  divided  as 

follows  : 

Free  Canal  in 

Xavigation.       Excavation. 

Greytown   to   Deseado   Basin, i2"37 

Deseado  Basin 4*00 

From  Deseado  Basin  to  San  Francisco 

Basin, 3*07 

San  Francisco  and  Machado  Basins,  .     ,    .       iroo  173 

River  San  Juan 64*oo 

Lake  Nicaragua 56' 50 

From  Lake  Nicaragua  to  Tola  Basin,  .     .    .  8'22 

Tola  Basin 5'28 

From  Tola  Basin  to  Brito 3*50 

14078  28-89 

The  Deseado  and  Tola  basins  are  new  features,  brought 
out  by  the  last  location,  as  well  as  an  increase  of  2"  13  miles 
in  the  length  of  free  navigation  in  the  San  Francisco  and 
^Machado  basins,  or  in  other  words,  the  last  location  has 
reduced  the  length  of  canal  in  excavation  by  that  same  dis- 
tance, while  the  summit  level  has  been  extended  from  i44'8 
miles  to  I53'8  miles. 

It  will  require  some  time  to  complete  the  estimate  of  cost 
on  the  new  location,  but  it  may  be  safely  stated  that  at 
least  ten  per  cent,  will  be  gained  on  the  total  cost  based  on 
the  survey  of  1885,  which  is  $64,036,197,  including  twenty- 
five  per  cent,  for  contingencies. 

The  accompanying  plans  and  profiles  {Plates  /,  // )  explain 
themselves : 

The  principal  dimensions  of  the  canal  in  excavation  are 
as  follows : 


Width. 

Dbpth. 

Bottom. 

Top. 

Rock, 

80 
no 
120 

80 
180 
360 

30 
30 
30 

Earth, 
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The  minimum  radius  of  curvature  is  2,500. 

The  leading  engineering  features,  in  greater  detail,  are  : 
The  construction  of  two  harbors  at  the  termini  of  the  canal, 
Greytown  on  the  Caribbean  Sea,  and  Brito  on  the  Pacific 
Ocean ;  the  damming  of  the  waters  of  the  vSan  Juan  River, 
for  the  purpose  of  raising  and  maintaining  the  level  of 
Lake  Nicaragua  and  the  river  at  about  1 10  feet  above  mean 
tide ;  the  formation  of  artificial  basins  at  different  levels  by 
means  of  dams  and  embankments,  and  the  use  of  locks,  to 
pass  from  one  level  to  another. 

The  harbors  are,  at  present,  not  in  good  condition,  but 
by  a  comparatively  small  expenditure  of  money,  can  be 
made  to  offer  protection  to  vessels  of  the  largest  class.  The 
harbor  of  Greytown  is  now  closed  to  vessels  of  more  than 
six  feet  draft,  but  the  facility  for  reconstruction  is  such  that 
in  three  months  from  the  commencement  of  work,  at  the 
outside,  a  temporary  opening  can  be  made,  and  material 
safely  landed  by  vessels  of  fifteen  feet  draft.  The 
further  improvement  of  Greytown  harbor  is  only  a  question 
of  the  continuation  of  the  temporary  opening.  It  is  pro- 
posed to  make  this  opening  through  the  sand  bar  which 
now  closes  the  once  flourishing  port  of  Greytown,  by  means 
of  a  temporary  jetty  of  brush  and  pile,  to  furnish  protection 
to  a  dredge  working  to  cut  through  the  bar.  This  jetty 
will  also  give  the  necessary  protection  for  the  maintenance 
of  the  cut  so  made.  The  extension  and  strengthening  by 
stone,  of  the  jetty,  and  the  continuation  of  the  dredging, 
to  form  a  permanent  harbor,  is  simply  a  question   of  time. 

The  construction  of  a  wharf  at  Greytown,  and  of  a  rail- 
road from  it  along  the  line  of  the  canal,  are  the  connecting 
links  in  the  chain  of  supplies.  The  projected  final  depth  of 
the  harbor  is  thirty  feet. 

The  harbor  of  Brito  will  be  formed  by  two  breakwaters, 
giving  protection  from  the  long  swell  of  the  Pacific,  and  the 
excavation  of  the  harbor  itself  from  the  lowlands  formi  ng 
the  banks  at  the  mouth  of  the  Rio  Grande. 

From  Greytown,  the  sea  level  is  carried  to  the  site  of  the 
first  lock,  which  is  located  at  the  eastern  end  of  the  valley 
of  the  Deseado.     Here  is  a  lift  of  thirtv-one  feet,  into  the 
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first  basin,  formed  by  damming-  the  lower  waters  of  the 
Deseado  River.  Through  this  basin  we  approach  rapidly 
locks  Nos.  2  and  3,  which,  with  their  respective  lifts  of  thirty 
and  forty-five  feet,  bring  lis  to  the ,  summit  level,  and  clear 
sailing  through  the  basins  of  the  Deseado  and  vSan  Fran- 
cisco, with  the  divide  cut  between,  and  thence  into  the  San 
Juan  River,  across  the  lake  and  finally  through  the  La 
Flor  Basin.  Here,  by  means  of  a  double  lock,  with  a  total 
fall  of  85  feet,  and  again  by  the  sixth  and  last  lock,  we 
descend  to  the  sea  level.  This  last  lock  has  a  variable  lift, 
depending  on  the  state  of  the  tide,  which  on  the  Pacific  side 
has  a  mean  rise  and  fall  of  about  six  feet  at  present.  The 
mean  lift  of  the  tidal  lock  is  twenty-five  feet.  The  locks 
are  650  x  70  x  30  feet. 

As  before  stated,  one  of  the  principal  features  of  the 
canal  is  the  formation  of  large  basins,  by  means  of  which 
the  greater  part  of  the  canal  is  made  a  navigable  body  of 
water,  instead  of  a  narrow  cut  through  the  earth.  As  now 
projected,  the  first  basin  begins  at  the  site  of  lock  No.  i. 
This  basin  is  formed  by  an  embankment  1,100  feet  long 
and  twenty  feet  high,  which  maintains  the  level  of  the 
water  at  thirty-one  feet  above  the  sea  level.  A  second  em- 
bankment 1,400  feet  long  and  86  feet  high,  near  lock  No.  2 
(with  a  lift  of  thirty  feet),  maintains  the  level  in  a  small 
basin  at  sixty-one  feet.  A  third,  but  smaller  embankment, 
at  lock  No.  3,  keeps  the  level  at  106  feet.  This  is  the  summit 
level  already  referred  to  as  extending'  from  lock  No.  3  to 
lock  No.  4,  a  distance  of  152  miles.  The  dam  across  the 
San  Juan  river  at  Ochoa,  just  east  of  the  San  Carlos,  is  1,500 
feet  long  by  sixty-five  high.  Its  purpose  is  to  bank  up  the 
waters  of  the  San  Juan  River,  to  a  level  of  106  feet  or  fifty- 
eight  feet  higher  than  at  this  point  now.  By  this  means  a 
lock  and  a  large  amount  of  dredging  is  saved,  and  the  San 
Juan  is  thus  made  practically  navigable  to  Castillo,  while  the 
amount  of  river  dredging  above  this  point  is  reduced  to  a 
minimum.  It  will  be  noticed  that  at  the  dam,  the  level  is 
given  as  106  feet.  At  the  lake  it  is  no  feet,  and  it  is  pro- 
posed to  give  the  river  a  fall  of  four  feet  from  the  lake  to 
Ochoa,  a  distance  of  about  sixty-four  miles.     Again,  on  the 
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Pacific  side,  an  embankment  2,100  feet  by  eighty  is  made 
across  the  Rio  Grande.  This  floods  the  valley  of  the  upper 
Rio  Grande  and  its  tributary,  the  Tola.  Then  by  cutting 
through  the  low  continental  divide  to  the  lake,  the  summit 
level  of  no  feet  is  maintained  to  within  three  miles  of  the 
Pacific  Ocean.  The  surplus  flowage  is  provided  for  in  all 
cases,  by  numerous  waste  -weirs  of  ample  capacity.  Lake 
Nicaragua  has  a  water  shed  of  8,000  square  miles. 

The  Rio  San  Juan,  its  only  outlet,  discharges  at  its  lowest 
stage,  near  the  close  of  the  dry  season,  1 1,390  cubic  feet  per 
second,  or  984,096,000  cubic  feet  per  day. 

The  amount  of  water  required  for  thirty-two  double 
lockages  is  129,479,968  cubic  feet,  or  a  little  more  than  one- 
eighth  of  the  total  supply  of  the  lake  alone,  to  which  must 
be  added  the  flow  of  the  several  tributaries  of  the  San  Juan, 
between  the  lake  and  the  sea,  and  the  San  Francisco  and  its 
tributaries. 

As  this  supply  is  from  the  summit,  the  danger  of  a  dry 
summit  level,  which  is  so  serious  a  question  with  the 
Panama  scheme,  is  impossible  here.  It  is  also  a  favorable 
point  that  the  canal  will  be  a  fresh  water  one. 

Contrary  to  the  general  opinion,  the  climate  of  Nicaragua 
is  an  equable  and  almost  a  temperate  one. 

No  case  of  yellow  fever  has  ever  been  known  at  Grey- 
town,  and  Col.  Squier,  in  his  work  on  Nicaragua,  lays  stress 
on  the  fact  that,  while  the  Mexican  and  Central  American 
coasts,  north  and  south  of  Nicaragua,  have  been  visited 
frequently  by  epidemics  of  cholera,  and  are  subject  to  yellow 
fever  more  or  less  every  year,  no  epidemic  of  any  kind  is 
known  to  have  visited  either  the  Pacific  or  Atlantic  coasts 
of  Nicaragua. 

I  refer  to  the  late  expedition  in  confirmation  of  this 
statement. 

(3f  the  forty-nine  engineers  and  i  50  men  in  the  employ  of 
the  company,  there  was  not  a  single  case  of  serious  illness, 
not  a  single  case  of  dysentery,  and  but  few  cases  of  slight 
intermittent  fever.  None  of  these  latter  caused  the  loss  of 
the  services  of  those  affected  for  more  than  three  days. 

When  it  is  stated  that  the  whole  expedition  was  daily 


46  Taylor,  [J.  F.  I., 

exposed  to  constant  wettings  and  dryings,  often  shoulders 
deep  in  marsh,  and  had  frequently  to  pass  the  night  in  wet 
garments,  the  above  statement  would  be  a  remarkable  one 
for  any  country. 

The  country  is  capable  of  being  developed  to  a  great 
extent.  It  is  rich  in  minerals,  particularly  gold,  mines  of 
which  are  now  being  successfully  and  profitably  worked. 
Cocoa,  indigo,  coffee  and  fruit  are  the  principal  agricultural 
products,  but  the  country  is  capable  of  producing  a  greater 
variety,  and  is  particularly  adapted  to  the  growth  of  market 
garden  products. 

The  timber  is  remarkable  for  its  variety  and  value. 
Mahogany,  rosewood  and  dye-woods  are  abundant,  and  even 
now  large  shipments  of  the  latter  are  made  from  the  Pacific 
Coast, 

So  far  but  one  serious  objection  has  been  raised  against 
this  project,  and  that  is  that  the  route  lies  in  the  region  of 
earthquakes.  Upon  this  subject,  the  following  extract  from 
Mr.  Menocal's  report  bears  with  much  force  : 

"  The  buildings  (referring  to  ruins  left  by  Walker's  ex- 
pedition) stand  to-day  just  as  he  left  them,  those,  at  least, 
which  were  allowed  to  remain  as  ruins.  The  houses  w^ere 
rebuilt,  but  the  churches  were  not,  and  their  bare,  blackened 
walls,  standing  alone  and  devoid  of  any  support  or  braces, 
rise  to  the  height  of,  I  should  say,  forty  feet.  I  have  ex- 
amined them  very  carefully,  and  did  not  find  a  crack  in 
them.  Some  of  the  towers  were  partially  blown  down  then 
by  powder,  and  look  as  if  they  were  likely  to  tumble  down 
at  any  moment.  One,  especially,  seems  threatening  to  fall 
with  the  w4nd.  Yet  they  stand  there  as  they  have  stood 
since  1854.  These  are  forty-two  miles  from  the  proposed 
line  of  canal.  In  the  town  of  Rivas,  two  and  one-half  miles 
from  the  canal,  they  have  many  stone  houses,  and  about  ten 
years  ago  they  completed  a  stone  church  there,  which  has 
been  building  for  thirty  or  forty  years — one  that  would  be 
a  noteworthy  church  anywhere — and  it  has  never  received 
injury  from  earthquake  shocks,  nor  have  the  stone  houses 
about  it.  I  had  occasion  to  show  to  the  United  States 
Commissioners   dams   that  had  been  built  surelv  over   100 
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years  ago,  and  are  standing  to-day,  though  not  for  any 
practical  purpose  ;  they  have  never  been  repaired,  yet  mani- 
fest no  imperfections  which  can  be  detected  by  the  closest 
examination.  They  were  built  originally  for  the  purpose  of 
damming  up  water  to  be  used  in  the  manufacture  of  indigo, 
and  were  abandoned,  and  have  been  standing  there  for  over 
100  years,  perhaps." 

These  references  show,  not  only  that  the  locks  and  dams 
of  the  canal  will  not  be  affected  by  earthquakes,  but  that 
the  countr}'  furnishes  building  materials  of  a  superior 
quality. 

A  superior  quality  of  lime,  as  evidenced  by  the  existence 
to-day  in  an  almost  perfect  state  of  presen,'ation  of  indigo 
vats  and  dams  over  100  years  old,  is  obtainable  at  several 
places  close  to  the  line  of  the  canal,  and  when  properly 
manufactured  there  is  no  question  but  that  it  will  prove 
equal,  if  not  superior,  to  many  cements  in  the  market. 

(  To  be  continued.') 


The  parabolic  SEMAPHORE. 


By  Prof.  C.  Herschel  Koyl,  Swarthmore  College,  Pa. 


\_Read  at  the  Stated  Meeting,  Wednesday,  Xovember  21,  1888^ 

Jos.  M.  Wilson,  President,  in  the  Chair. 

Prof.  Koyl  :  —  Mr.  President  and  Members  of  the 
Institute  : 

The  object  of  a  railroad  signal  being  to  show  to  an 
approaching  engineman  that  the  track  is  clear  or  the  con- 
trary', for  a  given  distance,  and  the  safetv  of  trains  and 
passengers  depending  upon  the  distinctness  and  the 
reliability  of  this  signal,  it  is  of  the  first  importance  that  its 
indications  should  be  unmistakable  and  itself  impossible  to 
confound  with  any  other  object  along  the  track. 

Originally  the  track  was  considered  to  be  "  clear "  if  no 
signal  was  displayed,  while  the  exhibition  of  a  disc  or  other 
board    signified    "danger,"    the    appearance    of    the    signal 
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board  being  illustrated  in  Fig.  i.  Later,  a  definite  signal 
was  given  for  "safety"  as  well  as  for  "danger,"  Fig.  2,  but 
then  it  sometimes  happened  that  the  signal  which  indicated 
"danger"  on  one  road  denoted  "safety"  on  another,  and  such 
was  the  confusion  and  the  desire  for  uniformity  that  when, 
in  1 841,  Mr.  Gregor}-  introduced  the  semaphore,  Fig.  j,  so 
superior  to  all  other  types  of  signals  in  its  easily  recogniz- 
able  form    and    in   being    always    visible — horizontal    for 


Fig.  3. 
"danger"  and  dropped  to  45^  for  "safety" — it  began  imme- 
diately to  supersede  all  others,  and  is  now  almost  the  only 
day-light  fixed  signal  in  use  on  well-equipped  roads. 

But  the  difficulties  attending  night  signals  are  still  so 
numerous  from  the  multiplicity  along  the  track  of  other  lights 
resembling  those  of  the  signal  in  form  and  color.  Fig.  4,  that 
the  engineman  can  with  extreme  difficulty  distinguish  his 
own  light,  and  for  some  years  there  has  been  a  desire  for  a 
night  semaphore,  identical  with  the  day  signal.  Fig.  j.  At- 
tempts have  been  made  to  illuminate  the  semaphore  by  plac- 
ing a  reflector  along  its  centre,  and  the  lamp  in  front;  but 
when  light  from  a  lamp  falls  upon  this  flat  surface,  so  much 
Whole  No.  Vol.  CXXVIL— (Third  Series,  Vol.  xcvii.)  4 
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is  lost  that  not  enough  is  left  on  the  track  to  make  the  signal 
visible  at  a  sufficient  distance;  and  ^vhen  detached  pieces  of 
reflector  are  set  at  different  angles  along  the  arm  the 
apparatus  becomes  too  cumbersome  and  fragile  for  use. 

It  is  ^vell  known,  however,  that  if  light  from  the  focus  of 
•a  paraboloid  falls  upon  the  curve,   it    is    from    all   pomts 


Fig.  4.  Railroad  Signal  on  the  Right, 
reflected  in  lines  parallel  to  the  axis  of  the  paraboloid,  and 
a  knowledge  of  this  has  been  utilized  in  solving  the  ques- 
tion of  a  night  semaphore.  The  arm  is  bent  to  a  parabolic 
curve  presenting  to  a  front  view  the  ordinary-  dimensions 
of  5  feet  6  inches  in  length  from  the  axis  to  the  end  of  the 
blade     and    11    inches   in    width,    and    having    a    reflector 
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of  silvered  glass  4  inches  wide  along  the  centre  from  end 
to  end.  This  is  mounted  in  the  ordinary  casting  which 
supports  the  semaphore  arm  and  rotates  about  the  axis  in 
the  post,  which  is  also  the  axis  of  the  paraboloid,  in  the 
focus  of  which  the  lamp  is  placed  {Fig.  6). 

Were  the  parabolic  reflector  "f  nlnn.^  ..-l-,^^   thf^  ro^-.^  of 


Fig.  5.     Railroad  Signal  on  the  Right. 

light  would  be  almost  absolutely  parallel  and  could  be  seen 
only  on  a  straight  track  ;  but  in  many  cases  a  signal  is  ap- 
proached around  a  curve,  and  it  is  necessary  to  diverge  the 
light  sufficiently  to  meet  the  requirements  of  such  cases. 
It  is  accomplished  by  corrugating  the  reflector  very  slightly 
at  right-angles  to  the  directions  in  which  the  divergence  is 
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required.  For  instance,  to  diverge  the  light  laterally  16"^ 
from  the  direction  of  the  axis  requires  the  surface  of  the 
glass  to  make  an  angle  of  S'^  with  the  parabola,  and  this  is 
attained  at  blending  intervals  for  both  directions  from  the 
axis  and  for  any  intermediate  degree  of  divergence  by  a 
wave   surface,  shown  in  section   in  Fig.  7,  in  which,  if  the 


"TP 


!>)  L^mp 


Fif;.  6.     Elevation  and  Plan. 


wave-length  be  f  inch,  the  amplitude  must  be  ^  in.  X  sin  4"  = 
approximately  y-^-g-  of  an  inch ;  and  vertical  divergence  is 
gained  by  a  wave  surface  at  right  angles  to  this,  so  that 
when  one  is  superposed  upon  the  other,  divergence  in  all 
directions  is  the  result.  This  makes  an  almost  perfect  posi- 
tion signal,  giving  a  brilliantly-illuminated  semaphore,  when 
horizontal  or  when  dropped. 
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But  from  the  earliest  days  of  railroading  a  reel  light  has 
been  the  danger  signal  on  posts,  on  switches,  on  the  rear  of 
trains,  and  in  hand-lanterns,  while  a  white  light  has  always 
signified  safety,  so  that  the  almost  second  nature  which 
regards  a  red  light  as  the  only  danger  signal  at  night  would 
prevent  the  use  of  any  position  signal  which  did  not  also 
show  red  for  danger ;  and  in  the  case  of  the  parabolic  sema- 
phore, the  upper  half  of  the  lamp  is  made  red.  and  the 
lower  part  clear  or  green,  so  that  the  arm  when  horizontal 
appears  red,  and  when  dropped  white  or  green,  as  the  case 
may  be. 

During  the  day  as  well,  the  parabolic  semaphore  is  also 
a  color  signal,  for  when  horizontal,  nothing  is  seen  but  the 


red  frame  and.  when  dropped,  nothing  but  the  glass  bril 
liantly  illuminated  by  the  white  sky. 

The  result  is  a  semaphore  which  presents  the  same  ap- 
pearance by  day  and  by  night,  which  combines  the  qualities 
of  a  color  signal  with  those  of  a  position  signal,  which  is 
not  mistakable  for  any  other  light  along  the  track,  and  the 
absence  of  which,  therefore,  from  an  accustomed  place, 
should  any  accident  happen  to  the  lamp,  would  be  immedi- 
ately noticeable. 

It  is  adapted  to  existing  conditions  because  the  arm  is 
made  to  fit  the  castings  at  present  in  use  and  no  further 
trouble  or  change  is  necessary  than  to  remove  the  old 
board  and  put  this   in  its   place,  fixing  the  lamp  upon  a 
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bracket  in  front.  The  reflector  is  of  glass,  with  silver  (not 
mercury)  on  the  back,  and  therefore  will  not  lose  its  reflect- 
ing power  by  exposure  to  the  weather. 

The  advantages  of  the  system  may  be  summarized  as 
follows : 

(i)  The  semaphore  is  the  standard  day  signal,  and  there 
is  therefore  no  other  night  signal,  the  general  introduction 
of  which  would  render  identical  day  and  night  systems. 

(2)  No  other  form  of  semaphore  is  known  which  will 
give  enough  light  to  be  visible  at  the  distance  required  by 
fast  trains. 

(3)  No  night  signal  would  conform  to  well-established 
railroad  rules  which  did  not  also  show  red  for  danger. 

(4)  No  reflector,  other  than  silvered  glass,  will  stand 
exposure  to  the  weather. 

(5)  No  other  known  signal  can  be  fitted  to  existing  cast- 
ings and  equipment. 


HELIOCHROMY. 


By  Fred.  E.  Ives. 


\^Read  at  the  Stated  Meeting,  Wednesday,  Xovember  21,  2888^ 

Jos.  M.  Wilson,  President,  in  the  Chair. 

Mr.  Ives  :  In  my  lecture,  on  "  Some  Recent  Advances  in 
Photography,"  delivered  before  this  Institute  in  February 
last,  I  briefly  described  and  illustrated  a  method  devised  by 
me  for  producing  photographs  in  natural  colors.  I  now  have 
illustrations  of  the  process,  comprising  a  sufficient  variety 
of  subiects  to  more  fully  demonstrate  its  capabilities  and 
value. 

I  claimed  for  this  process  that,  unlike  any  similar  process 
yet  suggested,  it  was  based  upon  a  true  conception  of  the 
nature  of  light  and  color  vision,  and  was  a  strictly  scientific 
method  of  accomplishing  the  object  sought  after — which  is 
to  produce,  by  an  automatic  process,  pictures  which  counter- 
feit not  only  the  light  and  shade,  but  also  the  colors  of  all 
objects  which  may  be  photographed. 
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I  explained  how  some  others  who  experimented  in  this 
direction  failed,  because  they  built  upon  the  false  theory 
that  there  are  only  three  primary  spectrum  colors.  I  recog- 
nized the  fact  that  there  are,  strictly  speaking,  thousands  of 
primary  spectrum  colors,  but  also  that  all  colors,  whether 
simple  or  compound,  may  be  counterfeited  to  the  eye  by 
means  of  three  type  colors,  separate  and  mixed  in  different 
proportions.  I  assumed  that  we  might  counterfeit  all  the 
colors  of  nature  in  a  photographic  picture,  by  making  each 
ray  of  simple  color  select  automatically,  in  the  operation  of  the 
picture-making  process,  such  a  type  color  or  mixture  of  type 
colors  as  will  counterfeit  it  to  the  eye,  and  showed  how  this 
can  be  accomplished  by  means  of  photographic  plates  made 
sensitive  to  all  colors,  and  exposed  through  compound  light 
filters,  which  are  suitably  adjusted  by  experiment  upon  the 
spectrum  itself. 

For  the  mechanism  of  the  process,  and  some  demonstra- 
tions, I  refer  to  my  original  communication,  which  ap- 
peared in  the  Journal  of  the  Institute  in  May.  I  believe 
the  problem  had  never  before  been  stated  with  reference  to 
the  possibility  and  necessity  of  representing  most  of  the 
primarv'  colors  by  color  mixtures,  which,  though  not  the 
same,  produce  the  same  color-sensation. 

In  order  to  make  clear  the  fact  that  my  plan  of  opera- 
tion is  in  accordance  with  what  is  now  recognized  as  the 
true  theory  of  the  nature  of  light  and  color-sensation,  I 
make  the  following  quotations  from  a  recently  published 
text-book  on  Color,  by  A.  H.  Church,  M.A.,  London  : 

"  Young's  theor}'  does  not  assume  the  existence  of  three 
primary  colors,  but  of  three  primary  Q.o\ox-scusations  ;  a  very 
important  distinction. 

"  Every  ray  of  differing  refrangibilitv  in  the  visible  part 
of  the  spectrum  is  in  one  sense  a  primary  color,  for  it  is 
simple,  and  excites  a  definite  sensation.  But  there  are 
many  reasons,  mainly  connected  with  the  structure  and 
functions  of  the  eye,  which  have  led  to  the  selection  of  cer- 
tain colored  lights — generally  three  in  number — as  yielding 
primary  Qolor-sciisatioiis.  This  primariness  is  then  not  ob- 
jective, but  subjective  in  respect  of  human  vision. 
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"  Young's  theory  of  color-perception  amounts  essentially 
to  this,  that  in  each  elementary  part  of  the  retina  of  the  eye 
there  is,  at  least,  one  set  of  three  different  ner\'e  fibrils,  each 
of  the  three  fibrils  of  a  set  being-  especially  adapted  for  the 
production  of  its  ow*n  specific  color-sensation,  vet  in  a  less 
degree  of  the  two  others.  Thus  the  receptive  structure  of 
the  retina  as  a  whole  may  be  said  to  consist  of  an  immense 
number  of  nerve  fibrils  of  three  orders :  what  we  may  call 
red  fibrils  being  particularly  acted  upon  by  such  long  light 
waves  as  those  in  the  red,  but  being  also  stimulated  in  a 
minor  degree  bv  the  shorter  waves  in  the  green,  and  still 
less  by  those  in  the  blue ;  the  green  fibrils  will  respond  most 
actively  to  green  waves,  and  in  some  measure,  also,  to  red 
and  to  blue  waves :  while  the  blue  fibrils  will  be  most 
excited  by  the  blue  rays,  though  not  uninfluenced  by  green 
and  even  bv  red  ravs."  It  follows  that  when  all  three  kinds 
of  nerve  fibrils  are  equally  and  simultaneously  affected,  the 
complex  sensation  of  white  light  alone  is  produced. 

"  Colored  lights  may  be,  and  often  are,  compound,  some- 
times consisting  of  two,  and  often  of  many  more  differently- 
colored  elements,  although  the  eye  recognizes  but  a  single 
color  in  the  complex  ray.  A  striking  instance  is  afforded 
by  yellow.  There  is  an  elementary  yellow  in  the  solar 
spectrum  lying  on  the  green  or  more  refrangible  side  of  the 
line  D.  By  no  contrivance  can  we  optically  decompose  this 
spectral  yellow,  to  which  belongs  a  definite  wave-length. 
But  there  are  many  compound  yellow  lights — lights  which 
give  us,  as  the  sum  of  the  simultaneous  visual  impression 
of  their  several  components,  a  sensation  of  yellow  not  to  be 
distinguished  bv  the  brain  from  the  simple  yellow  of  the 
spectrum.  Such  a  compound  yellow  may  be  formed  by 
throwing  on  the  same  portion  of  a  screen  a  part  of  the  red 
light  and  a  part  of    the  green    light  of    a  pure  spectrum. 


*  "  Helmholtz  remarks,  that  the  choice  of  these  particular  colors  is  some- 
what arbitrary,  and  that  any  three  could  be  chosen,  which,  when  mixed 
together,  would  furnish  white  light.  If,  however,  the  end  and  middle  colors 
of  the  spectrum  (red,  violet  and  green)  are  not  selected,  then  one  of  the  three 
must  have  two  maxima,  one  in  the  red  and  the  other  in  the  violet ;  which  is 
a  more  complicated,  but  not  an  impossible  supposition." 
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Similarly  there  is  a  pure  and  simple  blue  in  the  spectrum, 
but  a  blue  indistinguishable  from  this  in  hue  may  be 
obtained  by  mingling  green  and  violet  light." 

Now,  although  I  originally  worked  out  my  process  on  the 
simple  plan  of  making  each  primary  ray  of  spectrum  color 
select  from  and  combine  three  pigment  colors  to  counterfeit 
it,  it  becomes  evident  that  in  accomplishing  this  I  might  have 
produced  one  negative  by  the  action  of  solar  rays  nearly  in 
proportion  as  they  excite  the  "  red  nerve  fibrils  "  of  the  eye, 
another  in  proportion  as  they  excite  the  "  green  fibrils,"  and 
another  in  proportion  as  they  excite  the  "blue  fibrils."  I 
did  not  do  this  at  once,  but  after  experimenting  with 
several  sets  of  reproduction  pigments,  adjusting  color- 
screens  so  that  I  could  make  the  process  counterfeit  the 
spectrum  with  either  set  of  pigments,  I  finally  adopted 
reproduction  colors  which  call  for  negatives  of  the  spectrum 
showing  curves  of  intensity  approximating  to  the  curves  in 
Maxwell's  diagram,  illustrating  the  action  of  the  spectrum 
upon  the  different  sets  of  nerve  fibrils.  These  reproduction 
colors  are  certain  shades  of  red,  green  and  blue  light,  or 
their  complementary  colors  in  pigments,  which  approximate 
to  Prussian  blue,  magenta  red  and  aniline  yellow,  the  first 
two  of  so  light  a  shade  that  it  is  necesary  to  superimpose 
one  upon  the  other  to  obtain  a  full  violet  blue,  the  blue 
upon  the  yellow  to  obtain  green,  and  the  magenta  upon 
yellow  to  obtain  red. 

When  I  made  my  first  communication  upon  the  subject, 
I  assumed,  with  Helmholtz,  that  there  might  be  some  lati- 
tude in  the  selection  of  type  (reproduction)  colors,  and 
therefore  did  not  commit  myself  to  the  use  of  any  particular 
ones,  but  merely  showed  how  I  would  produce  at  will  nega- 
tives of  the  spectrum  having  any  curves  of  intensity  that 
might  be  required  in  order  to  secure  the  proper  distribution 
of  such  colors  or  pigments  as  were  selected.  The  adoption 
of  reproduction  colors  corresponding  to  what  are  now 
recognized  to  be  the  primary  color-sensations,  has  made  it 
possible  for  me  to  state  more  definitely  my  mode  of  pro- 
cedure, as  above. 

What  I  claim  as  new  and  original  in  mv  method  is  ( 1  )  the 
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production  of  heliochromic  negatives  by  exposing  color- 
sensitive  plates  through  compound  color-screens,  which 
have  been  adjusted  to  secure  negatives  showing  curves  of 
intensity  which  bear  a  certain  definite  relation  to  the  colors 
employed  to  produce  the  heliochromic  pictures;  and  (2)  the 
production  of  heliochromic  negatives  by  a  procedure  calcu- 
lated to  yield  negatives  of  the  spectrum  showing  curves  of 
intensity  which  probably  correspond  to  the  action  of  the 
spectrum  upon  the  sets  of  ner\^e  fibrils. 

Admitting  the  theoretical  soundness  of  my  mode  of  pro- 
cedure, which  I  believe  I  have  fairly  demonstrated,  there 
remains  only  the  question  of  practicability  and  commercial 
value  to  be  considered.  The  process  is  practicable,  if  the 
same  operations,  repeated  in  the  same  manner,  can  be  relied 
upon  to  produce  pictures  which  counterfeit  the  light  and 
shade  and  color  of  all  objects.  Three  subjects,  which  I  shall 
show  to-night,  a  delicate  oil-painting,  a  brilliant  Prang 
chromo  and  a  beautiful  sea-shell,  were  made  with  the  same 
light,  same  camera,  same  preparation  of  sensitive  plates, 
same  set  of  color  screens,  same  relative  exposures  and  same 
development.  They  show  a  very  great  variety  of  colors, 
mostly  compound  in  the  painting  and  chromo,  but  pure 
spectrum  colors  in  the  sea-shell ;  yet  the  colors  of  all  are 
alike  faithfully  counterfeited  to  the  eye.  Although  there 
should  be  no  question  of  the  fact,  I  will  here  state  that  these 
finished  results  have  been  obtained  without  any  retouching 
or  artificial  manipulation  whatever. 


Jan.,  1889.]  Chemical    Section.  59 


PROCEEDINGS 


Chemical   Section, 

OF   THK 

Krankli^t   Imsxixuxe. 


{Stated  Meeting,  held  at  the  Ixstitutp:,  Tuesday,  December  18, 
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Hall  of  the  Franklin  Institute. 
Philadelphia,  December  18,  1888. 
Mr.  J.  H.  Eastwick,  President,  in  the  Chair. 

Members  present:  Dr.  L.  B.  Hall,  Dr.  S.  C.  Hooker,  Dr.  H.  W.  Jayne, 
Messrs.  Luthy,  Macfarlane,  Chase,  Bower,  Pemberton,  Matos  and  Palmer. 

The  bills  for  printing  were  approved,  and  ordered  to  be  paid. 

Mr.  John  G.  Bullock's  resignation  as  a  member  of  the  Section  was 
accepted. 

Mr.  Philip  E.  Clarkson,  of  Quaker  City  Dye  Works,  and  Mr.  Jacob 
Lichenheim,  1614  North  Tenth  Street,  Philadelphia,  were  elected  full  mem- 
bers of  the  Section. 

The  following  gentlemen  were  nominated  for  membership  in  the  Section  : 
Mr^  F.  C.  Lewin,  ion  Spruce  Street,  Philadelphia;  Mr.  C.  V.  Petraeus,  231 
South  Front  Street,  Philadelphia;  Mr.  R.  E.  Fisher,  2239  St.  Alban's  Place, 
Philadelphia ;  Dr.  Wm.  H.  Greene,  204  North  Thirty-sixth  Street,  Philadel- 
phia ;  Dr.  Geo.  A.  Koenig,  University  of  Pennsylvania,  Philadelphia ;  Mr. 
Henry  C.  Lea,  2000  Walnut  Street,  Philadelphia;  Prof.  Henry  Morton, 
Stevens  Institute,  Hoboken,  N.  J. 

The  following  gentlemen  were  elected  officers  of  the  Section  for  the 
year  1889: 

President,  Mr.  H.  Pemberton,  Jr. 

Vice  Presidents,  Dr.  S.  C.  Hooker,  Mr.  T.  C.  Palmer. 

Secretary,  Dr.  Wm.  C.  Day. 

Treasurer,  Dr.  H.  W.  Jayne. 

Conservator,  Dr.  Wm.  H.  Wahl. 

Mr.  H.  Pemberton,  Jr.,  presented  a  communication  from  Dr.  Wm.  H. 
Wahl,  Secretary  of  the  Institute,  concerning  the  publishing  of  papers  read 
before  the  Section,  in  the  Journal  of  the  Institute,  simultaneously  with 
other  journals  to  be  selected  by  the  Section. 
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The  President  appointed  as  a  committee  to  confer  with  Dr.  Wahl  on  this 
matter,  Mr.  H.  Pemberton,  Jr.,  Dr.  S.  C.  Hooker. 

The  following  were  appointed  a  committee  to  revise  the  membership  hst, 
and  re-arrange  the  By-Laws  of  the  Section  :  Mr.  T,  C.  Palmer,  Dr.  H.  W. 
Jayne,  Mr.  R.  L.  Chase. 

Mr.  O.  Luthy  exhibited  a  piece  of  the  mineral  eudialyte,  from  Greenland. 
This  species  is  a  prominent  source  of  zirconium.  Mr.  Luthy  stated  that  it 
had  lately  been  found  in  large  quantities  in  the  above  country,  near  the 
cryolite  locality.  Twenty  tons  had  been  shipped  to  Europe  at  one  time. 
Dr.  Jayne  stated  that  this  material  is  largely  imported  into  this  country  from 
Sweden,  being  used  in  the  manufacture  of  the  films  for  the  Wfelsbach  gas 
lights. 

Mr.  Chase  remarked  that  there  has  been  much  difficulty  in  getting  a  film 
for  these  lamps  that  will  be  durable.  Cases  have  been  known  where 
these  films  were  broken  by  the  slight  jar  caused  on  a  floor  above  by  falling 
boxes. 

Dr.  Hooker  remarked  that  the  burette,  exhibited  by  him  in  October,  was 
thought  at  the  time  to  be  new.  He  had  since  had  his  attention  called  to  the 
figure  of  a  burette  almost  identical  with  this. 

Dr.  Hooker  showed  several  samples  of  sugar  said  to  have  been  refined 
by  the  aid  of  electricity.  These  samples  are  different  in  appearance  from 
any  sugars  heretofore  in  the  market,  but  Dr.  Hooker  was  of  the  opinion  that 
much  nonsense  had  been  published  by  the  non-scientific  press  on  the  subject 
of  sugar-making  by  electricity ;  that  it  would  be  very  easy  to  give  granulated 
sugar  this  same  appearance  by  caking  and  passing  through  a  sieve.  Mr. 
Luthy  had  also  investigated  the  matter,  and  had  concluded  that  this  so-called 
electrically-refined  sugar  is  only  ordinary  sugar  specially  prepared. 

Mr.  Macfarlane  showed  a  copy  of  the  souvenir  published  by  Meister, 
Lucius  &  Bruening,  on  their  twenty-fifth  anniversary,  July  2,  1888.  This 
souvenir  contains  statistics  of  the  growth  and  present  dimensions  of  the  great 
color  works  of  this  house,  bird's-eye  views  of  the  buildings,  maps  of  the 
enclosures,  etc. ;  also  a  very  beautiful  spectrum  of  colors  (all  artificial)  dyed 
on  yarn. 

Dr.  Hooker  showed  a  sample  of  saccharine,  and  remarked  that  many 
tests  had  been  proposed  for  its  detection,  but  that  the  most  reliable  one  was 
based  on  the  following  principle  : 

The  suspected  substance  is  treated  with  ether,  the  extract  evaporated  and 
the  residue  fused  with  caustic  potash,  when  if  saccharine  is  present,  salicylic 
acid  is  formed,  and  may  be  detected  by  the  violet  color  formed  with  ferric 
chloride. 

Dr.  Jayne  mentioned  the  fact  that  the  use  of  saccharine  had  been  pro- 
hibited in  France  for  certain  purposes,  for  revenue  reasons.  The  same  is 
true  in  England.  Dr.  Hooker  stated  that  the  evidence  seemed  to  show  that 
saccharine  impairs  the  digestive  process.  Dr.  Hall  thought  that  this  was 
doubtful,  German  authorities  of  high  rank  altogether  dissenting. 

Adjourned.  T,  C.  Palmer,  Secretaty. 

(Subject  to  Revision.) 
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On  the  detection  of  FAHLBERG\S  SACCHARINE. 


By  Samuel  C.  Hooker,  Ph.  D. 


[  To  be  read  January  /j,  i88g.'\ 

A  test  has  been  recently  described  by  E.  Bornstein  -  for 
the  detection  of  saccharine,  based  upon  the  supposed  forma- 
tion of  a  sulpho-phtalein.  vSaccharine  is  heated  with  a 
slight  excess  of  resorcine  and  a  few  drops  of  concentrated 
sulphuric  acid ;  on  the  addition  of  water  a  solution  is 
obtained  which  fluoresces  strongly  when  rendered  alkaline. 

I  wish  to  point  out  that  this  test  is  rendered  valueless 
by  an  observation  I  made  about  a  year  ago.  Resorcine, 
when  treated  with  sulphuric  acid  alone,  gives  apparently 
precisely  the  same  reaction  as  that  which  Bornstein  describes 
as  characteristic  of  saccharine. 

The  reaction  has  unfortunately  been  already  used  in 
several  instances  which  have  come  under  my  notice,  and 
the  presence  of  saccharine  inferred  in  cases  in  which  it  was 
probably  altogether  absent. 

It  has  long  been  known  that  resorcine,  when  heated 
with  zinc  chloride,  also  gives  rise  to  products  which  fluor- 
esce strongly. 


A  RAPID  COLORIMETRIC    METHOD  for  the  ESTI- 
MATION OF  NITRATES  in  NATURAL 
WATERS. 


By  S.-\muel  C.  Hooker,  Ph.  D. 


I  Read  October  21,  iS88.'\ 

It  was  long  ago  observed  by  (zraebe  and  Glaser,"  that  the 
addition  of  oxidizing  agents,  in  small  quantity,  to  carbazol 
dissolved  in  concentrated  sulphuric  acid,  gave  rise  to  an 
intensely  green  solution.  Up  to  the  present  time  no  useful 
application  has  been  made  of  this  reaction. 

*  Berichte,  21,  488,  R. 
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In  devising  a  process  for  the  rapid  estimation  of  nitrates 
in  the  minute  quantities  in  which  they  occur  in  natural 
waters,  I  have  taken  advantage  of  this  property  of  carbazol. 
I  have  ascertained  that  under  certain  conditions,  water  con- 
taining as  little  as  two  parts  of  nitric  acid  per  million 
gives  a  distinct  reaction  with  the  sulphuric-acid  solution  of 
carbazol :  and  that  within  certain  limits  the  intensity  of  the 
color  produced  may  be  taken  as  the  measure  of  the  nitric 
acid  present. 

The  estimation  briefly  described,  omitting  the  necessan^' 
precautions,  is  conducted  as  follows :  A  measured  quantity 
of  the  water,  2  cc.  or  less  according  to  circumstances,  is 
mixed  with  about  4  cc.  of  concentrated  sulphuric  acid,  and 
when  this  has  cooled  a  small  quantity  of  sulphuric  acid 
containing  carbazol  in  solution  is  added.  The  green  color 
produced  is  compared  with  that  given  by  standard  solutions 
of  potassic  nitrate,  under  precisely  similar  conditions,  until 
the  color  is  closely  matched.  The  estimation  is  very 
rapidlv  effected,  and  provided  the  water  contains  as  much 
nitric  acid  as  two  parts  per  million,  as  is  very  often  the  case, 
it  need  not  be  concentrated  by  evaporation. 

The  details  of  this  process,  together  with  the  precautions 
to  be  taken  in  the  presence  of  chlorides,  nitrites,  etc.,  will  be 
described  shortly  in  a  paper  giving  the  results  of  analyses 
made  with  the  object  of  testing  the  delicacy  of  the 
method. 

In  conclusion,  I  would  suggest  the  possibility  that  other 
compounds,  diphenylamine  or  brucine,  for  instance,  may 
prove  as  serviceable  as  carbazol  for  the  purpose  here 
described. 


*  Ann.,  163)  347. 
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Ox    THE    RELATIONS    EXISTING    between    CARBA- 
ZOL  AND  PYRROL. 


Bv  Samuel  C.  Hooker,  Ph.  D. 


[  To  be  7-ead  January  /j,  i88g.\ 

The  theoretical  relation  existing  between  earbazol,  indol 
and  pyrrol  is  well  shown  by  comparing-  their  formulae  as 
follows : 


CH        NH        Clf 

Carbazol. 

The  analogy  existing  between  indol  and  pyrrol  has 
received  important  experimental  demonstration  from  the 
researches  of  v.  Baeyer,  E.  Fischer/-  and  Ciamician,t  but  up 
to  the  present  time  no  material  evidence  has  been  accumu- 
lated to  show  that  a  similar  relation  exists  between  carbazol 
and  pyrrol.  The  formation  of  carbazol  from  thio-diphenyla- 
mine  %  by  the  action  of  copper  furnishes  some  proof  in  sup- 
port of  the  formula  given  above ;  but  as  this  is  the  only 
reaction  clearly  tending  to  show  that  carbazol  is  a  di-ortho 
derivative  of  diphenyl,  and,  therefore,  that  it  contains  the 
pyrrol  ring,  further  evidence  in  the  same  direction  appears 
desirable. 

In  making  the  experiments  which  led  up  to  the  facts  here 
recorded,  I  hoped  to  find  points  of  resemblance  between 
carbazol  and  pyrrol  for  which  the  >NH  group  alone, 
independent  of  the  pyrrol  ring,  would  not  account,  and 
thus  to  confirm  indirectly  the  above  formula  of  carbazol. 

Runge,  the  discoverer  of  pyrrol,  observed  that  its  vapor 
in   contact   with   pine   moistened  with   hydrochloric   acid, 

*  Ber.  d.  rkevi.  Ges.,  li),  2,988. 
t  Ibid.,  1»,  3,028. 
X  Ibid,,  20,  232. 
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colored  the  wood  intensely  red.  Von  Baeyer  subsequently 
described  this  reaction  as  being  very  characteristic  of  indol. 
It  is  interesting,  therefore,  to  find  that  carbazol  reacts 
similarly,  though  not  so  readily.  In  order  to  observe  the 
reaction,  soak  the  wood— an  ordinary  match-stem  answers 
admirably — for  a  second  or  two  in  a  hot  alcoholic  or  acetic- 
acid  solution  of  carbazol,  and  then  thrust  it  into  the  neck 
of  a  bottle  containing  concentrated  hydrochloric  acid,  so  as 
thoroughly  to  expose  it  to  the  action  of  the  gas  without 
bringing  it  in  contact  with  the  acid  solution.  The  red  color 
soon  develops,  and  slowly  increases  in  intensity.  The  shade 
is  precisely  similar  to  that  produced  by  pyrrol. 

Since  carbazol  may  be  regarded  as  a  derivative  of  indol 
in  which  the  two  carbon  atoms  of  the  indol  ring  are  con- 
nected with  the  group  C^H/',  this  observation  appears 
directly  to  contradict  one  of  the  deductions  made  by  Emil 
Fischer*  in  the  course  of  his  study  of  indol  derivatives. 
"  The  fir-wood  reaction,"  he  says,  "  no  longer  occurs  when 
both  the  carbon  atoms  of  the  indol  ring  are  connected  with 
alkyls." 

It  seemed  necessary,  therefore,  to  confirm  my  results  by 
substituting  synthetical  carbazol  for  that  extracted  from 
coal  tar,  with  which  I  first  obtained  the  reaction.  In  spite 
of  careful  purification,  it  is  conceivable  that  the  coal-tar 
carbazol  might  still  retain  traces  of  foreign  substances 
capable  of  imparting  to  it  the  power  of  coloring  the  wood. 

Through  the  kindness  of  Dr.  A.  Goske  in  forwarding  to 
me  a  sample  of  carbazol  recently  obtained  by  him  f  by  the 
action  of  copper  on  thio-diphenylamine,  I  have  been  able  to 
confirm  the  results  of  previous  experiments  in  a  satisfactory 
manner. 

It  seems  possible  therefore  that  the  di-alkyl  derivatives 
of  indol  which  do  not,  according  to  Emil  Fischer,  give  the 
fir-wood  reaction  when  the  test  is  made  in  the  usual  way, 
may  do  so  if  the  conditions  of  the  experiment  are  somewhat 
varied. 

*  Ber.  d.  chevi.  Ges.,  19,  1,570. 
t  Ibid.,  20,  232. 
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CARBAZOL    AND    ISATIN. 

The  behavior  of  thiophene  (and  furfuran)  in  forming- 
coloring  matters  with  isatin  and  ortho-diketones  apparently 
similar  to  those  of  pyrrol,  makes  it  probable  that  in  such 
reactions  the  >NH  group  of  pyrrol  takes  no  part.  Conse- 
quently, in  the  case  of  carbazol,  as  all  the  hydrogen  atoms 
of  the  pvrrol  ring,  excepting  that  of  the  imide  group,  are 
already  substituted,  it  is  not  to  be  expected  that  any  similar 
coloring  matters  can  be  formed.  For  this  reason  I  was  sur- 
prised to  find  that  the  behavior  of  carbazol  and  isatin  in  the 
presence  of  sulphuric  acid  is  such  as  to  strongly  suggest  the 
indophenine  reaction. 

On  adding  concentrated  sulphuric  acid  to  carbazol  and 
isatin,  an  intense  blue  color  is  developed  as  the  substances 
dissolve.  The  reaction  is  extremely  characteristic  and  can 
be  used  as  a  delicate  test  for  the  recognition  of  carbazol. 
The  blue  color  of  the  soluticm  does  not  appear  to  be  affected 
by  slightly  warming,  and  even  after  standing  some  hours  its 
intensity  had  not  materially  diminished  or  its  color  other- 
wise changed.  Water  precipitates  an  indigo-blue  substance 
which  very  rapidly  becomes  lighter  in  color.  In  order  to 
avoid  this  change,  attempts  were  made  to  extract  the  blue 
coloring  matter  from  the  acid  solution  without  the  addition 
of  water,  by  agitation  with  various  solvents.  These  experi- 
ments proved  unsuccessful,  and  the  further  study  of  the 
compound  was  abandoned. 

Although  the  above  is  very  like  the  indophenine  reaction 
and  its  apparently  analogous  reaction  in  the  case  of  pyrrol, 
I  am  inclined  to  believe,  for  considerations  already  men- 
tioned, that  the  similarity  is  apparent  only  and  not  real. 
Diphenylamine  gives  no  reaction  with  isatin  under  the  same 
circumstances. 

Since  diphenylene-oxide  and  diphenylene-sulphide  are 
probably  related  to  furfuran  and  thiophene,  respectively,  in 
the  same  way  as  carbazol  is  to  pyrrol,  it  seemed  of  import- 
ance to  ascertain  whether  these  substances  also  behaved 
similarly  with  isatin.  I  was  unable  to  obtain  any  reaction 
with  diphenylene-oxide,  and  consequently  it  is  probable  that 
diphenylene-sulphide  also  will  be  found  indifferent. 
Wholk   No.  Vol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  5 
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CARBAZOL    AND    QUINONE. 

The  compounds  produced  from  pyrrol  and  benzoquinone 
have  no  corresponding  members  in  the  thiophene  series,  and 
would  appear  to  be  directly  or  indirectly  dependent  upon 
the  >NH  group  for  their  existence  ;  it  therefore  seemed 
possible  that  carbazol  and  benzoquinone  might  react  with 
the  formation  of  similar  compounds. 

If  a  small  quantity  of  sulphuric  acid,  diluted  with  one  or 
two  volumes  of  acetic  acid,  is  added  drop  by  drop  to  an 
acetic-acid  solution  of  carbazol  and  benzoquinone,  an  intense 
carmine  red  solution  is  produced,  which  passes  into  a 
reddish-violet  as  the  quantity  of  sulphuric  acid  is  increased. 
Water  precipitates  from  this  solution  a  substance  of  the 
same  color,  which  dissolves  very  readily  in  ether,  chloroform 
and  alcohol. 

On  the  addition  of  crystals  of  quinone  to  carbazol  dis- 
solved in  concentrated  sulphuric  acid,  an  intense  green  color 
is  imparted  to  the  solution.  Hence,  according  to  the 
strength  of  the  acid  used,  a  reddish-violet  or  a  green  solu- 
tion is  obtained. 

Similarly  Victor  Mever  and  O.  Stadler  -  haves  hown  that 
benzoquinone  reacts  with  pvrrol  in  two  distinct  ways.  If 
aqueous  solutions  of  the  two  are  mixed,  a  violet  coloring 
matter  is  produced,  whereas  in  the  presence  of  dilute  sul- 
phuric acid  a  green  precipitate  is  formed.  For  purposes  of. 
comparison  I  repeated  V.  ^leyer  and  Stadler's  experiments. 
The  violet  coloring  matter  obtained  dissolved  in  ether  to  a 
solution  ver\"  similar  in  shade  to  that. of  the  ethereal  solu- 
tion of  the  coloring  matter  from  carbazol. 

Before  concluding  that  the  formation  of  these  compounds 
is  in  any  wav  connected  with  the  existence  of  the  pyrrol 
ring,  it  seemed  necessary  to  study  the  action  of  diphenyla- 
mine  under  similar  circumstances.  Sulphuric  acid  added 
to  diphenylamine  and  quinone  dissolved  in  acetic  acid 
immediately  colors  the  solution  blue;  on  adding  water,  a 
violet  substance  is  precipitated. 

These  reactions  recall  the  coloring   matters  obtained  by 

*  Ber.  d.  chem.  Gcs.,  17,   1,035. 
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P.  Greiff"''  by  heating-  chloranil  or  quinone  with  methyl- 
diphenylamine  and  other  amines  with  or  without  the  addi- 
tion of  zinc  chloride.  The  similarity  existing  between  the 
method  of  formation  and  the  shade  of  Greiff's  coloring  mat- 
ters and  the  violet  compounds  obtained  as  above  described 
from  pyrrol,  carbazol  and  diphenylamine,  renders  it 
extremely  probable  that  in  both  cases  the  coloring  matters 
are  perfectly  analogous,  and  that  their  formation  in  the  case 
of  pyrrol  and  carbazol  depends  upon  the  amine  character  of 
these  substances,  and  not  upon  the  presence  of  the  pyrrol 
ring.  This  view,  which  could  not,  unfortunately,  be  sub- 
stantiated by  analysis,  owing  to  the  great  instability  of  the 
pyrrol  compound,  receives  support  from  the  fact  already 
alluded  to  that  thiophene  gives  no  coloring  matters  with 
benzoquinone. 

With  reference  to  the  green  solution  formed  on  adding- 
quinone  to  carbazol  dissolved  in  sulphuric  acid,  it  seems 
probable  that  in  this  case  quinone  plays  the  part  of  an  oxi- 
dizing agent  only,  for  the  same  green-colored  solution  is 
produced,  as  is  well  known,  by  the  addition  of  oxidizing 
agents  generally  under  similar  circumstances.  It  occurred 
to  me,  therefore,  as  not  unlikely  that  quinone  acts  merely  as 
an  oxidizing  agent  also,  when  in  contact  with  pyrrol  in  acid 
solution,  especially  as  V.  Meyer  and  Stadler  extracted 
hydroquinone  in  considerable  quantities  from  the  mother- 
liquor  after  the  green  compound  had  been  filtered  off.  Con- 
firmation of  this  view  was  obtained  by  reference  to  Ander- 
son's f  description  of  the  properties  of  pyrrol.  He  states  that 
ferric  chloride  causes  a  dilute  hydrochloric-acid  solution  of 
pyrrol  to  turn  first  green  and  then  black.  He  adds  that 
platinic  chloride  and  potassic  bichromate  produce  a  black 
precipitate  with  the  same  solution. 

A  few  experiments  soon  proved  that  not  only  ferric  chlo- 
ride, but  potassic  chromate  or  bichromate,  platinic  chloride, 
potassic  ferricyanide,  and  even  potassic  nitrite  under  cer- 
tain circumstances,  all  give,  when   added  in  small  quantity 

*  Ber.  de  chem.  Ges.,  112,  1,610. 
t  Ann.  Chcm.  (Liebig),  1()5,  354. 
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to  a  dilute  sulphuric-acid  solution  of  pyrrol,  a  green  sub- 
stance which  passes  more  or  less  rapidh',  according  to  the 
oxidizing  agent  used  and  the  acidity  and  degrees  of  concen- 
tration of  the  solutions  employed,  into  the  black  compound 
observed  by  Anderson.  With  tolerably  concentrated  solu- 
tions of  the  oxidizing  agents,  the  transition  is  so  rapid  that 
the  green  color  can  be  scarcely  obser\'ed,  even  when  the 
sharpest  lookout  for  it  is  maintained  throughout  the  experi- 
ment. 

With  a  dilute  solution  of  potassic  chromate,  the  formation 
of  the  green  substance  may  be  readily  seen,  and  the  reaction 
compared  with  that  of  quinone.  As  it  is  not  easy,  however, 
to  obtain  the  reaction  at  its  best  without  a  number  of  trials,  I 
prefer  to  give  the  exact  strength  of  the  solutions  which  I 
found  to  give  good  results.  Eight  drops  of  pyrrol  are  dis- 
solved in  lo  cc.  of  water  to  which  eight  drops  of  sulphuric 
acid  have  been  added.  When  this  is  mixed  with  an  o'l  per 
cent,  solution  of  potassic  chromate  in  equal  volumes,  the 
green  color  is  almost  immediately  developed,  and  rapidly 
increases  in  intensity  until  the  solution  becomes  perfectly 
opaque.  At  this  stage  three  or  four  volumes  of  water  are 
added.  The  diluted  solution  is  green  in  color,  and  slowly 
deposits  a  dark  green  or  black  precipitate. 

A  very  dilute  aqueous  solution  of  quinone  behaves  almost 
preciselv  similarly  with  the  above  solution  of  pyrrol,  but 
the  precipitate  formed  is  at  first  much  greener  than  when 
potassic  chromate  is  the  oxidizing  agent  used.  It  gradually 
darkens,  however,  and  after  some  hours  becomes  almost 
black.  If  the  green  precipitate  from  quinone  is  washed 
with  an  0'05  per  cent,  solution  of  potassic  chromate,  it  is 
very  rapidly  blackened. 

From  these  experiments  it  wt)uld  appear  extremely 
probable,  therefore,  that  quinone  does  not  condense  with 
pyrrol  in  acid  solution,  but  merelv  acts  like  other  oxidizing 
agents. 

The  formation  of  green  substances  like  the  above  is  not 
confined  to  the  action  of  oxidizing  agents  on  carbazol  and 
pyrrol.  It  has  long  been  known  that  nitrous  acid  and  other 
oxidizing  agents  added  in  small  quantity  to  diphenylamine 
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dissolved  in  .sulphuric  acid,  produce  an  intense  blue  solution 
from  which  water  precipitates  a  green  compound ;  this,  like 
the  corresponding  compounds  from  carbazol  and  pyrrol,  is 
insoluble  in  ether. 

PYRROL    AND    I'ICRIC    ACID. 

The  behavior  of  indol  and  carbazol  in  combining  with 
picric  acid  suggested  the  idea  that  probably  pyrrol  would 
form  a  similar  compound.  On  adding  picric  acid  to  an 
excess  of  pvrrol.  a  red  color  is  at  once  developed;  on 
warming,  the  picric  acid  is  dissolved,  and  the  solution, 
when  cold,  deposits  beautiful  red  needles.  Similarly,  if 
picric  acid  and  an  excess  of  pyrrol  are  dissolved  in  alcohol, 
long  red  needles,  half  or  three-quarters  of  an  inch  in  length, 
can  be  readily  obtained  as  the  solution  is  allowed  to 
evaporate.  The  compound  is  very  unstable,  and  commences 
to  decompose  in  the  air  as  soon  as  the  crystals  are  dry.  Its 
fusing  point  is  about  71^.  Since  the  basic  properties  of 
pyrrol  are  very  weak,  and  no  well-defined  salts  have  been 
obtained  with  acids  generally,  the  above  described  com- 
pound must  be  considered  as  analogous  to  the  picric  acid 
compounds  of  the  hydrocarbons.  The  relation  of  pyrrol  to 
benzol,  so  often  dwelt  upon  by  Victor  :Meyer,  is  thus  once 
again  emphasized.  Phenyl-pyrrol  also  forms  an  unstable 
compound  with  picric  acid.  The  compounds  of  pyrrol  and 
its  derivatives  with  picric  acid  will  be  further  studied,  and 
an  attempt  will  be  made  to  analyze  them. 


[  COMMUNICATION.] 


For   SEALINCr    oi-    VOLATILE    LIQUIDS    in    (^LASS 

TUBES. 


GentlemkN:  The  following  commtmication  on  "The 
Sealing  of  Volatile  Liquids  in  Glass  Tubes,"  may  be  found 
of  general  interest.  In  order  that  glass  tubes  containing 
very  volatile  liquids  may  be  properly  sealed,  the  tempera- 
ture of  the  tubes  and  their  contents  must  be  so  lowered 
that  the  vapor  tension  of  the  liquid  is  not  greater  than  the 
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atmospheric  pressure.  This  is  accomplished  by  immersing 
the  tube  in  a  cooling  mixture  to  within  a  short  distance  of 
the  point  at  which  it  is  to  be  sealed.  A  tube  containing 
liquid  sulphur  dioxide  ma}-  thus  be  sealed  while  it  is  sur- 
rounded by  a  mixture  of  ice  and  salt. 

When  the  required  temperature  is  below  that  of  the 
ordinar\^  freezing  mixtures,  advantage  must  be  taken  of  the 
evaporation  of  liquid  carbon  dioxide  or  nitrous  oxide  at  low 
pressures,  and  by  care  in  manipulation  it  is  then  not  difficult 
to  seal  tubes  that  are  nearly  filled  with  such  volatile  liquids 
as  the  two  just  named. 

The  tubes  intended  to  contain  such  specimens,  and  which 
may  be  used  to  illustrate  the  phenomena  of  the  critical  con- 
dition and  the  precipitation  of  saturated  vapors,  must  be 
made  ready  for  sealing  several  days  before  they  are  to  be 
filled,  and  carefully  annealed  in  order  that  the  glass  may  be 
prepared  for  the  considerable  pressure  which  it  must  sus- 
tain. Ordinary  stout  tubing  with  walls  about  two  milli- 
metres thick,  and  of  five  to  seven  millimetres  internal  diam- 
eter, may  be  employed.  The  piece  selected  is  prepared  by 
contracting  the  diameter  to  about  two  millimetres  near  one 
end,  closing  this  end  and  blowing  it  into  a  funnel  a  little 
larger  than  necessary  to  hold  all  the  liquid  required  to  fill 
the  tube.  The  other  end  of  the  tube  is  then  sealed  at  the 
desired  distance  from  the  contraction — twenty  centimetres 
is  a  convenient  length.  When  the  tubes  have  recovered 
from  the  effects  of  the  heating,  or  immediately  after  they 
have  been  annealed  in  an  oven,  thev  are  ready  for  filling 
and  sealing. 

The  apparatus  required  for  cooling  the  tubes  during  the 
operation  is  easily  constructed,  as  shown  in  the  accompany- 
ing diagram.  A  stout  test  tube.  A,  about  twenty-five  milli- 
metres diameter,  and  of  such  length  as  is  required  by  the 
tube  to  be  sealed,  passes  through  a  flat  cork  in  the  mouth 
of  a  strong  bottle,  B,  containing  some  pumice  stone  mois- 
tened with  sulphuric  acid.  This  test  tube  is  half  or  two- 
thirds  filled  with  liquid  nitrogen  monoxide  or  carbon  diox- 
ide, and  about  one-fourth  as  much  ether  is  cautiously  added. 
To  the  test  tube  is  adapted   a  rubber  stopper  carrying  the 
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tube  Cto  be  filled,  the  contraction  at  which  it  is  to  be  sealed 
being  about  one  centimetre  above  the  level  of  the  stopper, 
and  a  bent  tube,  1),  the  external  end  of  which  is  connected 
with  an  aspirator. 

The  almost  capillary  extremity  of  a  bent  tube,  E,  is  then 
passed  through  the  contraction  below  the  funnel,  and 
through  this  the  air  is  rapidly  sucked  from  the  tube  as  the 
liquid  nitrogen  monoxide  is  poured  into  the  funnel.  There 
must  be  sufficient  space  between  the  capillary  tube  and  the 
walls  of  the  contraction  to  allow  the  free  descent  of  the 
liquid.  When  a  sufficient  quantity  of  liquid  has  been  intro- 
duced, it  is  necessary  to  wait  until  the  gauge  of  the  aspirator 


1 

\ 

\ 

[ — 

■ 
ill 
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shows  a  constant  pressure ;  the  tube  is  then  cut  off  at  the 
contraction  and  sealed  by  directing  on  it  the  flame  of  a 
movable  blast  lamp.  The  tube  D  is  then  disconnected  with 
the  aspirator,  and  the  sealed  tube  with  the  rubber  stopper  is 
carefully  removed  and  placed  vertically  where  its  possible 
explosion  on  warming  will  do  no  harm.  Pieces  of  bamboo 
cane,  so  cut  that  the  joints  form  the  bottom,  make  convenient 
receptacles  for  the  tubes  while  they  take  the  temperature 
of  the  room. 

After  the  tubes  have  assumed  the  ordinary  temperature, 
they  should  be  gradually  warmed  to  the  highest  degree  to 
which  they  will  probably  be  exposed,  in  order  that  there 
may  be  no  risk  in  handling  them. 
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If  a  mixture  of  nitrous  oxide  and  ether  be  used  for  cool- 
ing, there  should  be  no  flame  in  the  neighborhood  of  the 
recipient  while  it  is  open. 

If  the  specimen  be  intended  to  illustrate  the  critical  phe- 
nomena, the  tube  should  be  at  least  three-fourths  filled  with 
liquid  before  sealing.  If  it  be  designated  to  show  the  forma- 
ation  of  a  cloud  and  the  precipitation  of  liquid  drops,  it 
should  not  be  more  than  one-third  filled. 

I  am  indebted  to  Mr.  Thos.  R.  Harrison  for  valuable  assist- 
ance in  preparing  several  tubes  of  nitrogen  monoxide  in  the 
manner  described.  A^ery  truly, 

W.\i.  H.  Grkkne. 
Central  High  School. 

Phh.adelphia,  December  i,  1888. 


ABSTRACTS. 


Reduction'  Products  of  H.ematoxylin  (J.  Hegler.  Moniieiir  Scien- 
tifique  {rom  Jour,  of  Soc.  of  Dyers  and  Colorists,  4,  129).  Many  attempts 
have  been  made  to  reduce  hsematoxylin,  without  satisfactory  results. 

Fr.  Reim  found  that  this  coloring  matter  was  not  affected  by  sodium 
amalgam  or  zinc  and  sulphuric  acid.  On  heating  it  with  zinc  powder,  he 
obtained  a  crystallizable  body,  suspended  in  an  oily  liquid,  but  in  too  small 
a  quantity  to  analyze  it.  Heavy  gases  were  evolved  at  the  same  time,  aris- 
ing from  the  decomposition  products,  which  could  not  be  condensed. 

E.  Erdmann  and  G.  Schultz  have  obtained,  by  heating  hsematoxylin  in 
closed  tubes  with  hydriodic  acid,  a  mixture  of  hydrocarbons,  which  are  partly 
volatile  in  steam  and  partly  soluble  in  benzene. 

C.  Dralle,  in  confirmation  of  Fr.  Reim's  results,  has  detected  the  presence 
of  carbonic  acid  and  resorcin  in  the  products  of  distillation. 

The  author's  attempt  to  reduce  hsematoxylin  with  zinc  powder  also  gave 
too  small  amounts  of  product  to  analyze. 

The  author  tried  the  acetyl  derivative  obtained  by  the  action  of  acetyl  chlo- 
ride. One  part  of  the  acetyl  derivative  of  hasaiatoxylin  was  gradually  heated 
with  thirty  to  forty  parts  of  zinc  powder  in  a  slender  tube  under  the  air  pump. 
The  distillation  product  obtained  in  this  manner  consisted  of  resorcin  in 
aqueous  solution  and  a  yellow  oil,  with  a  characteristic  smell. 

The  author  tried  to  separate  the  different  products  by  fractional  distilla- 
tion. 

The  body,  which  passes  over  above  300°  C,  is  solid,  yellow,  soluble  in 
alcohol,  ether,  glacial  acetic  acid  and  benzene. 

From  these  solutions  it  crystallizes  in  small  yellow  needles,  grouped  in 
stars,  which  fuse  at  80°.  This  body  forms  a  compound  with  picric  acid 
which  decomposes  at  105°. 
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Three  analyses  gave  the  following  results  : 

Pound.  Calculated  for. 

I.                    II.  III.  Cis/^is  Cis/^H             C\(,ff\i 

C.                9082                9058  90-71  9182  9273                9'-42 

H.                 7-99                  774  7-88  8-17  7-21                   8-57 

Owing  to  the  small  amount  of  substance  obtained,  it  was  not  possible  to 
have  the  hydrocarbon  free  from  a  small  amount  of  a  substance  containing 

oxygen. 

The  vapor  density  determined  by  V.  Meyer's  method  in  sulphur  vapor, 
together  with  the  analysis,  indicate  the  body  to  be  a  hydrocarbon  CigHm, 
which  is  probably  a  homologue  of  diphenyl. 

Vapor  density — 

Pound.  Calculated  for. 

Cnf/u  Ci.ffx^  Cuff^s 

6-88  and  6-72  6-79  6-72  727 

The  fraction  between  200°  and  300°  passes  over  mostly  at  2  5o°-26o°.  It 
is  a  yellowish  oil,  with  a  strong  smell,  which  turns  brown  in  the  desiccator 
over  sulphuric  acid.  It  is  insoluble  in  alkalies,  which  is  contrary  to  the 
character  of  a  phenol. 

On  analysis  it  gave  the  numbers — 

I.  II- 

C  -=  88  24  87-93 

//■=     804  8'2o 

Its  vapor  density  in  sulphur  was  5' 59. 

The  portion  passing  over  between  100°  and  200°  is  a  volatile  liquid,  with 
a  penetrating  odor,  and  is  insoluble  in  alkalies.  Unfortunately  the  author 
had  too  little  substance  to  determine  its  vapor  density. 

On  analysis  the  results  indicated  that  it  had  the  formula  CioHnO. 

Pound.  Calculated  for. 

I.  n.  Ci„fluO 

C.  8079  79 '79  ^'°° 

I,  8-94  8-92  933 

H.  T. 


On  the  Detection  and  Estimation  of  Magenta  in  Orchil  and 
Cudbear.  By  Christopher  Rawson  {Journal  of  Sac.  of  Dyers  and  Colorists, 
4,  68).— The  author  has  found  such  difficulties  in  the  use  of  previously- 
published  processes,  that  he  suggests  the  following  based  upon  the  complete 
precipitation  of  the  coloring  matter  of  orchil  or  cudbear  in  an  aqueous  and 
alcoholic  solution  by  acetate  of  lead,  followed  by  an  excess  of  ammonia. 
Magenta  base  under  tl:e  same  conditions  remains  in  solution.  From  one  to 
two  grains  of  cudbear  (or  an  equivalent  amount  of  orchil  liquor)  are  boiled 
with  50  cc.  of  alcohol,  and  afterwards  diluted  with  100  cc.  of  water;  15  to 
20  cc.  of  a  strong  solution  of  basic  acetate  of  lead  (sp.  gr.  1-25)  are  then 
added,  followed  after  stirring  by  a  similar  quantity  of  strong  ammonia.  The 
mixture  is  filtered,  and  if  the  amount  of  magenta  present  is  to  be  estimated, 
the  precipitate  is  washed  with  a  solution  containing  one  part  of  ammonia, 
five  parts  of  alcohol  and  ten  parts  of  water  ;  otherwise  the  washing  may  be 
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neglected.  With  pure  cudbear,  the  filtrate  is  quite  colorless  ;  if  magenta  be 
present,  it  is  either  colorless  or  pink,  according  to  the  amount  of  ammonia 
present  in  the  solution.  The  liquid  is  then  acidulated  with  acetic  acid,  when 
the  presence  or  absence  of  magenta  is  at  once  made  apparent ;  in  the  case 
of  pure  cudbear  or  orchil,  the  solution  remains  colorless  ;  whereas,  if  a  salt 
of  rosaniline  be  present,  the  well-known  color  of  magenta  is  immediately 
developed.  By  means  of  this  method  one  part  of  magenta  in  100,000  of 
cudbear  can  be  detected  with  certainty. 

For  determining  the  amount  of  magenta  present  the  author  suggests  a 
calorimetric  method,  in  which  the  filtrate  or  an  aliquot  portion  of  it  is  com- 
pared with  a  standard  solution  of  magenta. 

The  method  is  also  applicable  to  the  detection  of  methyl  violet  and  safra- 
nine.  The  base  of  the  latter  is  much  more  soluble  in  ammonia  than  those  of 
methyl  violet  and  magenta. 

The  three  coloring  matters  are  distinguished  from  one  another  on  the 
addition  of  acetic  acid  to  the  ammoniacal  filtrate,  the  solution  becomes  of  a 
bluish  violet  tint,  if  methyl  violet  be  present.  Under  the  same  conditions, 
solutions  of  safranine  and  magenta  are  pink  or  bluish  red.  Strong  ammonia 
decolorizes  methyl  violet  and  magenta,  whereas  it  produces  little  or  no  effect 
upon  a  solution  of  safranine.  Strong  hydrochloric  acid  added  to  a  solution  of 
safranine,  changes  the  color  to  a  blue  ;  solutions  of  magenta  and  methyl 
violet  become,  with  the  same  reagent,  of  a  pale  yellow  color. 

The  azo  or  oxy-azo  dyes,  as  rocellin,  orchil  red,  etc.,  when  present  in  cud- 
bear, may  usually  be  detected  by  sprinkling  a  little  of  the  sample  on  the  sur- 
face of  concentrated  sulphuric  acid,  with  the  formation  of  a  characteristic 
colored  streak,  which  may  be  either  green,  blue  or  violet.  To  detect  other 
adulterations,  or  in  cases  of  doubt,  one  should  resort  to  dye  tests.         H.  T. 


Ok  the  Preparation  of  Anhydrous  Magnesium  Chloride. — Walther 
Hempel  {Berl.  Ber.,  21,  897).  Anhydrous  magnesium  chloride  is  ordinarily 
made  by  the  addition  of  ammonium  chloride  to  the  solution  of  the  salt  and 
the  decomposition  of  the  ammonio-magnesium  chloride  so  formed  by  heating 
to  about  460°.  The  author  has  found  that  the  solution  of  magnesium  chloride 
may  be  evaporated  without  decomposition  and  formation  of  basic  salt,  pro- 
vided the  operation  be  performed  in  an  atmosphere  of  hydrochloric  acid. 
The  addition  of  ammonium  chloride  is  unnecessary,  and  there  is  a  great 
economy  of  heat.  W.  H.  G. 


BOOK  NOTICES. 


Soaps    and    Candles.      By  James   Cameron,    F.l.C.      Philadelphia:     P. 
Blakiston,  Son  &  Co.     1888.     Price,  $2.25. 

Dr.  Johnson  once  remarked  to  a  certain  Mr.  Cambridge  :  "  Knowledge 
is  of  two  kinds.  We  know  a  subject  ourselves,  or  we  know  where  we  can 
find  information  upon  it.  When  we  inquire  into  any  subject,  the  first  thing 
we  have  to  do  is  to  know  what  books  have  treated   of  it."     This  remark 
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applies  with  much  more  force  to-day  than  it  did  a  century  ago  when  it  was 
uttered.  But  to  no  branches  of  knowledge  is  it  so  applicable  as  it  is  to  those 
that  are  of  a  scientific  nature.  Indeed,  it  is  becoming  quite  a  serious  problem 
to  know  how  to  separate  and  disentangle  any  desired  information  from  the 
huge  mass  of  facts  contained  in  the  volumes  of  the  many  scientific  journals 
now  published.  The  editors  of  these  journals  recognize  this  difficulty,  and, 
accordingly,  give  not  only  an  inde.x  of  each  number  and  of  each  volume,  but 
also  publish  at  intervals  of  a  few  years  an  index  of  the  series  of  volumes  that 
has  appeared  in  the  interim.  This  is  true,  for  instance,  in  the  case  of  Dingley-  s 
Journal,  of  Sillitnans  Journal,  and  of  others  that  might  be  mentioned.  The 
preparation  of  such  indexes  is  tedious  and  expensive,  and  would,  therefore, 
be  likely  to  be  shirked  were  it  not  that  the  necessities  of  the  case  actually  force 
the  editors  to  take  the  step.  They  have  been  obliged  to  do  so  with  the  jour- 
nals, not  only  because  the  latter  contain  an  extraordinary  variety  of  informa- 
tion, but  also  for  another  reason.  These  journals  are  to  the  scientific  man 
what  the  daily  newspapers  are  to  the  general  public.  They  present  the  very 
latest  information  ;  they  give  it  in  its  discursive  and  formative  stages ;  they 
contain  an  abridgment,  at  least,  of  all  the  new  ideas  propagated,  of  all  the 
inventions  made,  of  all  the  patents  issued  that  come  within  their  respective 
departments  of  science.  They  are  away  and  far  ahead  of  any  other  vehicle 
of  knowledge,  and  frequently  lead  the  encyclopedias,  treatises,  manuals  and 
text-books  by  a  good  decade  at  least.  It  is  not  too  much  to  say  that  many  of 
the  facts  and  discussions  appearing  in  the  journals  and  technical  papers  of 
to-day  will  not  be  embodied  in  the  text-books  until  the  beginning  of  the  next 
century. 

The  important  position,  therefore,  held  by  this  form  of  scientific  literature, 
forces  the  editors  to  publish  frequent  and  copious  indexes,  covering  back 
volumes,  as  already  described.  But  there  are  very  few  writers  o{  books,  who 
follow  the  example  of  these  editors.  Imitation  is  the  sincerest  form  of  flattery, 
and  the  authors  of  the  countless  scientific  manuals  show  a  sincerity  in  the 
admiration  for  their  predecessors  that  is  beautiful  to  contemplate.  The 
amount  of  copying  from  one  text-book  into  another  by  the  writers  on 
mechanics,  physics,  chemistry,  electricity,  or  astronomy  is,  indeed,  marvellous, 
and  the  regularity  and  precision  with  which  they  keep  behind  the  times  in 
stating  the  facts  is  also  a  matter  of  wonder.  But  the  especial  weakness  in 
compositions  of  this  character  is  the  entire  absence  of  references  to  the 
original  papers  from  which  the  extracts  are  taken. 

Ganot's  Physics,  for  instance,  is  a  good  treatise;  an  excellent  one.  But 
how  much  more  valuable  would  the  book  be  to  the  scientific  worker,  if  the 
editors  had  referred  the  reader  to  the  time  and  place  in  which  the  investiga- 
tions and  experiments  they  only  outline  are  given  full  and  complete. 

We  have  dwelt  upon  this  matter  at  some  length,  because  Mr.  Cameron's 
book  is  a  marked  exception  to  the  class  of  books  above  described.  There  is 
hardly  a  page  in  it  that  does  not  contain,  as  foot-notes,  references  to  chemical, 
pharmaceutical  or  medical  journals,  to  standard  works,  to  lectures,  to  exhibition 
reports,  or  to  English,  German  or  United  States  patents.  The  book  shows 
the  results  of  wide  reading  and  of  careful  collection  of  data,  and  in  the  com- 
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paratively  small  space  of  some  300  pages  the  reader  is  directed  to  a  thousand 
sources  of  information  of  a  most  valuable  kind.  There  are  many  illustrations 
of  apparatus  and  machinery;  tables  showing  strength  of  solutions,  properties 
of  oils,  relation  between  degrees  Baume  and  specific  gravity,  and  so  on. 
These  last  tables  are  incorrect.  In  fact,  in  nearly  all  English  books  the 
densities  by  Beaume's  hydrometer  are  incorrect.  The  reason  of  this  probably 
is  that  the  English  use  this  hydrometer  very  little,  preferring  Twaddle's. 
It  should  be  borne  in  mind,  also,  that  the  gallons  used  in  the  various  recipes 
are  English  gallons,  and  therefore  of  twenty  per  cent,  greater  capacity  than 
ours  (ten  pounds  of  water  as  against  eight  and  one-third). 

We  have  not  space  here  to  give  a  detailed  analysis  of  the  book,  but  can 
recommend  it  to  any  one  interested  in  the  manufacture  of  soap  or  of  candles, 
as  a  work  that  will  prove  most  useful  to  him.  H.  P.,  Jr. 


Hints  on  House  Building.     By  Robt.  Grimshaw.    New  York  :     Practical 
Publishing  Company.     1887. 

This  is  a  little  manual  of  notes,  compiled  by  the  author  during  his 
active  experiences,  and,  as  the  name  indicates,  it  contains  many  brief  but 
useful  suggestions  which  will  be  found  to  add  materially  to  the  comfort 
and  convenience  of  the  home,  and  which  might  otherwise  be  overlooked 
at  a  critical  moment. 

The  book  is  not  indexed,  but  each  paragraph  is  prefaced  by  its  subject 
matter  in  small  capitals,  and  as  there  are  but  thirty-two  pages  duodecimo, 
it  is  not  difficult  to  find  a  hint  relative  to  some  special  feature.  It  would 
seem  to  us,  however,  to  be  an  improvement,  had  the  subjects  been 
arranged  with  some  approximation  to  an  alphabetical  order.      L.  M.  H. 


An  Index  to  Engineering  Periodicals,  1883-1887.  By  Francis  E.  Gal- 
loupe,  M.E.  Boston  :  Published  by  the  Engineering  Nezvs  Publishing 
Company,  New  York.     8vo,  cloth,  294  pp.     $2. 

The  title  of  this  work  is  sufficiently  exphcit.  It  is  only  necessary  to  add 
the  names  of  the  periodicals  which  have  been  indexed,  during  these  five 
years,  to  give  its  scope.  They  are  :  Eng.  Netus,  Iron  Age,  Mechanics,  Am. 
Eng.,  Sanitary  Eng.,  Eng.  and  Build'g  Record,  Railroad  Gazette,  Van 
Nostrand's  Eng.  Mag.,  R.  R.  and  Eng.  Journal,  Journal  of  the  Franklin 
Institute,  Street  R'y  Gazette,  Electrician  and  El.  Eng.,  Elec.  Rev.,  Elec. 
IVorld,  Sci.  Am.  Supplement,  The  Locomotive,  Society  of  Arts  Proceedings, 
Mass.,  Engineering  (London),  The  Engineer  (London). 

Although  comprehensive,  the  list  is  by  no  means  complete,  yet  the  author 
has  rendered  an  invaluable  work  to  the  scientific  professions  and  to  the  arts 
by  thus  placing  it  in  the  power  of  those  engaged  in  investigations  and 
research  to  save  much  time  and  trouble  for  a  trifling  expense.  The  subjects 
are  classified  and  arranged  in  alphabetical  order,  making  the  reference  easy. 
The  book  is  indispensable,  and  the  only  regret  is  that  its  scope  is  not  greater, 
still  it  is  a  move  in  the  right  direction,  which  should  be  continued  by  annual 
appendices,  if  possible,  to  keep  it  up  to  date.  L.  M.  H. 
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Adam,  Son  &  Co.     Private  Telegraphic  Code.         From  Mr.  S.  H.  Needles. 
Alabama.     Report  of  the  State  Board  of  Health  for  1887. 

Transactions  of  the  Medical  Association  of  the  State  for  1888. 

From  the  State  Health  Officer. 
Almanaque  Nautico  para  1890. 

From  Instituto  y  Observatorio  de  Fernando. 
American   Historical  Association.     Announcement  and   Programme  of  the 

Fifth  Annual  Meeting.  From  the  Association. 

American  Water  Works  Association.     Eighth  Annual  Meeting. 

From  the  Association. 
Baker,  Henry  B.     Malaria  and  the  Causation  of  Periodic  Fever. 

From  the  Author. 
Baltimore.     Annual  Report  of  the  Health  Department  for  1887. 

From  the  Secretary  of  the  Department. 
Bayles,   J.    C.      Spirally-Welded    Tubing. 

Spiral  Weld  Tube  Company.     Announcement. 

From  Mr.  George  Burnham,  Jr. 
Brooklyn  Library.     Bulletin  No.  26.     1888.  From  the  Library. 

Bullock  &  Crenshaw.     Price  List  of  Chemicals.     Catalogue  of  Apparatus. 

From  Bullock  i!i:  Crenshaw,  through  Mr.  Francis  Leclere. 
Bureau    of   Labor  and    Industrial    Statistics,     Wisconsin.     Third    Biennial 

Report.  From  Frank  A.  Flower,  Commissioner. 

Caligraph,  The.     Announcements,  etc. 

From  the  American  Writing  Machine  Company. 
Candee  Journal  Bearing  Company.     Prospectus. 

From  W.  L.  Lance,  President. 
Census,  U.  S.,  Tenth  Reports.     Vols.  17,  19,  21  and  22. 

From  the  Department  of  the  Interior. 
Connecticut  Legislative  Documents,  1886  and  1888. 

From  the  State  Librarian.  • 
Connecticut.     State  Board  of  Health.     Sixth,  seventh,  eighth  and  tenth  An- 
nual Reports.  From  the  Board. 
Cowles  Electric  Smelting  and  Aluminium    Company.     The  Alloys  of  Alu- 
minium and  Silicon.                                                      From  the  Company. 
Department  of  Agriculture,  U.  S.      Botanical  Division.     Bulletin  No.  7. 

Division  of  Chemistry.  Bulletin  No.  19. 
Division  of  Entomology.  Bulletin  No.  5. 
Report  of  the  Statistician,  No.  57. 

From  the  Department. 
Department  of  the  Interior.    Senate  Journal.    First  Session,  Fiftieth  Congress. 

From  the  Department. 
Department  of  State,  U.  S.     Report  from  the  Consuls,  July  and  August,  1888. 

Yvom  the  Department. 
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Department  of  State,  U.  S.    Maps  showing  the  Location  of  the   Diplomatic 
and  Consular  Offices  of  the  United  States. 

From  the  Department  of  State. 
District  of  Columbia.     Annual  Reports  of  the  Health  Officer.     1882  to  1885. 

From  the  Health  Office. 
Dubois,  R.  G.     Manual  of  Patent  Law.  From  the  Author. 

Dulles,  C.  W.     Report  on  Hydrophobia.  From  the  Author. 

Engineers'  Society  of  Pennsylvania.     Meeting  October  16,  18S8. 

From  the  Society. 
Fondation    Teyler.     Catalogue  de  la  Bibliotheque.      Septieme  et  huiticme 

Liv  raison.  From  the  Conservator  of  the  Library. 

Geological  Survey  of  .Arkansas.     First  Annual  Report. 

From  the  State  Geologist. 
Geological  Survey  of  New  Jersey.     Final   Report  of    the  State  Geologist. 

Vol.  I.  From  Prof.  G.  H.  Cook. 

Greeley,  A.  W.     International    Polar    Expedition.     Report  on  the  Proceed- 
ings of  the  United  Expedition.     Vol.  i.  From  the  Author. 
Hamilton,  Hugh.     Chemical  Factor  in  Disease. 

Chemical  Philosophy  in  Remedy.        From  the  Author. 
Harvard  College  Observatory.     Annals.     No.  6.     Vol.  18. 

From  the  Observatory. 
Hydrographic  Office.     Pilot  Chart  North  Atlantic  Ocean.     December,  1888. 

From  the  Office. 
Indiana.     Twentieth  and  Twenty-third  Annual  Reports  of  the  Superintendent 

of  Public  Instruction.  From  the  Superintendent. 

India.     Meteorological  Observations  recorded  at  six  stations  in  India,  May 

to  July,  1888.  From  the  Meteorological  Department. 

Institution  of  Naval  Architects.     Transactions,  \^ol.  29,   1888. 

From  the  Institution. 
Kansas  State  Board  of  Agriculture.    Report  for  August  ana  September,  1888. 

From  the  Board. 
Kohlbusch,  H.     Illustrated  Price  List  of  Balances  and  Weights  of  Precision. 

From  Mr.  H.  Kohlbusch. 
LeVan,  W.  B.     Is  Engineering  on  the  Decline?  From  the  Author. 

The  Loyal  Girl  of  Winchester.  From  the  Birchard  Library. 

Maternity  Hospital.     Fifteenth    -Annual  Report. 

From   Mr.   S.   H.  Needles. 

Meteorological  Council,  London.     Contributions  to  the    Knowledge  of  the 

Meteorology  of  the  Arctic  Regions.     Part  5. 

Hourly  Readings.     Part  4.     1888.  From  the  Council. 

Michigan  State  Board  of  Health.     Reprint,  No.  290.  From  the  Board. 

Musee  Teyler.     Archives.     Vol.  y    Serie  2.     Second  Partie. 

From  the  Conservator  of  the  Library. 
Nelson,  W.     Apen^u  de  quelques  difficultes  a  vaincre  dans  le  construction 

du  Canal  de  Panama.  From  Prof.  Arthur  Beardsley. 

New  Jersey.     Tenth  .Annual  Report  of  the  Bureau  of  Statistics  for  1887. 

From  the  Chief  of  Bureau. 
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North  Carolina  Agricultural  Experiment  Station.     Annual  Report  for  1886. 

From  the  Board  of  Agriculture. 
Oliver,  Chas.  A.     Double  Chorio-Retinitis  with  Partial  Degeneration  of  the 

Optic  Nerve.  From  the  Author. 

Otto  Gas  Engine.     Instructions  for  Setting  Up  and  Using. 

From  Mr.  S.  H.  Needles. 
Patent  Office,  British.     Specifications  of  Inventions.     V'ols.  17  to  41  and  43. 
1887.     Name  Index.     August,  1888. 

Subject  Index.     September,  1888.  From  the  Office. 

Patent  Office,  U.  S.     Specifications  and  Drawings.     August,  1887,  to  Decem- 
ber, 1887.  From  the  Office. 
Pennsylvania  State  College.     Report  for  the  year  1887.     Part  2. 

From  the  College. 
Philip,  George,  &  Son.     A  Classified  and  Descriptive  Catalogue  of  Scien- 
tific and  Technical  Books.  From  the  Publishers. 
Public    Documents,   U.   S.      House    Miscellaneous    Documents.      Vol.    13. 
Part  21.     Second  Session,  Forty-seventh  Congress. 

From  the  Department  of  the  Interior. 
Public  Free  Libraries  of  the  City  of  Manchester.    Thirty-sixth  Annual  Report. 

From  the  City  Council. 
Rogers,  John.     Illustrated  Catalogue  of  Groups  of  Statuary. 

From  Mr.  John  Rogers. 
Rome  Mechanical  Association.  Constitution,  etc.  From  the  Association. 
San  Francisco  Free  PubUc  Library.     Tenth  Annual  Report  of  the  Board  of 

Trustees.  From  the  Librarian. 

Smithsonian  Institution.     Miscellaneous  Collection.     Nos.  666  and  667. 

From  the  Institution. 
Sprague  Electric  Railway  and  Motor  Company.     Publications  Nos.  i,  2^,4*. 
5,  6%  7,  9,  10.     Also,  chart  showing  route  of  Richmond  Union  Passenger 
Railway,  and  four  miscellaneous  circulars.  From  the  Company. 

Storr's  School  Agricultural  Experiment  Station.     Bulletin  No.  2. 

From  the  Station. 
Sturtevant,  B.  F.     Ventilation  and  Heating.  From  the  Author. 

Suffolk  Trust  and  Investment  Company.     Announcement,  etc. 

From  the  Company. 
Supervising    Inspector-General    of   Steam   Vessels.     Annual  Report  ending 

June  30,  1888.  From  the  Inspector-General. 

Supreme  Court  of  the  United  States.  United  States  of  America  vs.  the 
American  Bell  Telephone  Company.  Oral  argument  of  Mr.  Dickerson 
and  Mr.  Storrow.  From  Mr.  J.  J.  Storrow. 

Treasury,  U.  S.     Annual  Report  of  the  Secretary  for  1888. 

From  the  Secretary. 
Tucker,  Willis  G.     Report  to  State  Board  of  Health,  New  York. 

Introductory  address  to  the  Eighth  Lecture  Course  at  the 
Albany  Medical  College.  From  the  Author. 

U.  S.  Naval  Observatory.     Report  of  the  Superintendent  for  1888. 

From  the  Observatory. 
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^^Proceedings  of  the  Stated  Meeting,  held   Wednesday,  December  ig,  1888.'] 


Hall  of  the  Institute,  Philadelphia,  December  19,  1888. 
Mr.  Joseph  M.  Wilson,  President,  in  the  Chair. 

Present,  120  members  and  fifteen  visitors. 

Additions  to  membership  since  last  report,  fifty-eight. 

The  Special  Committee,  appointed  to  devise  and  execute  plans  for  increas- 
ing the  membership,  made  an  oral  report  of  progress  through  its  acting 
chairman,  Prof.  H.  W.  Spangler.  The  report  was  discussed  by  Messrs.  G. 
M.  Eldridge,  S.  Lloyd  Wiegand,  Thos.  Shaw  and  others.  The  report 
was  accepted  and  the  committee  was  continued. 

The  following  nominations  for  officers,  managers,  and  members  of  the 
Committee  on  Science  and  the  Arts  were  made   viz.  : 

For /i'rizV/^w/ (to  serve  one  year),    .     .     .     .     .     Joseph  M.  Wilson. 
For  Vice-President  (to  serve  three  years),     .     .      Frederick  Graff. 

For  Secretary  (to  serve  one  year) William  H.  Wahl. 

For  7>'<?(Z^/c;rr  (to  serve  one  year) Samuel  Sartain. 

For  Auditor  (to  serve  three  years),     .     .     .      William  A.  Cheyxev. 

For  Managers  (to  serve  three  vears,  eight  to  be  elected) : 

George  V.  Cresson,  John  Lucas, 

Persifor  Frazer,  Samuel  P.  Sadtler, 

Edwin  J.  Houston,  Wm.  H.  Thorne, 

PInoch  Lewis,  John  J.  Weaver. 

For  Members  of  the  Committee  on  Science  a?id  the  Arts  (to  serve  three  years, 
fifteen  to  be  elected) : 

L.  L.  Cheney,  Samuel  R.  Marshall,   Chas.  E.  Ronaldson, 

L.  D'AuRiA,  Wm.  McDevitt,  Samuel  Sartain, 

J.  L.  Gill,  Jr.,  J.  R.  McFetridge,  Chas.  A.  Rutter, 

F.  Leclere,  a.  E.  Outerbridge,  Jr.,  S.Lloyd  Wiegand, 

W.  B.  LeVan,  Geo.  H.  Perkins,  Carl  Hering. 

Mr.  Thomas  Shaw  then  gave  a  description  of  his  Mine  Inspectors'  Instru- 
ment for  the  detection  of  dangerous  gases  in  the  air,  illustrating  his  remarks 
by  an  exhibition  of  the  operation  of  the  apparatus,  showing  the  capability  of 
the  instrument  to  detect  the  presence  of  such  gases  in  the  air  to  the  fraction 
of  a  per  cent. 

Mr.  Shaw's  remarks  will  be  prepared  for  publication. 

Dr.  Robert  Grimshaw,  of  New  York,  read  a  paper  on  "The  Industrial 
Uses  of  Cotton-Seed  Oil,"  illustrating  the  same  by  the  exhibition  of  a  number 
of  samples  of  products  derived  from  the  cotton  seed.    Referred  for  publication. 

The  President  gave  a  description  of  a  projected  new  building  for  the  use 
of  the  Institute,  from  plans  prepared  by  himself.  The  elevation  and  floor 
plans  of  the  building  were  shown,  with  the  aid  of  the  lantern. 

Mr.  Fred.  E.  Ives  showed  with  the  lantern  a  series  of  photographs  of  light- 
ning flashes,  sent  to  the  Inst'ttute  for  exhibition  by  Mr.  W.  J.  Jenks,  of  New 
York.     The  pictures  were  quite  characteristic  and  svere  highly  appreciated. 

The  following  gentlemen  were  named  by  the  President  to  serve  as  tellers 
at  the  forthcoming  election,  viz:  Messrs.  W.  B.  Cooper,  C.  J.  Hexamer, 
Geo.  M.  Sandgran,  Edw.  F.  Moody,  W.  J.  Jennings,  W.  L.  Dubois,  and 
Sam'l  H.  Needles. 

Adjourned.  H.  L.  Hevl,  Secretary  pro  tern. 
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The   NICARAGUA   CANAL. 

By  Commander  H.  C.  Taylor,  U.  S.  Navy. 

[^  paper  read  at  the  Stated  Meeting  of  the  Franklin  Institute,  Wednes- 
day, October  /j,  1888 7\^ 

{Contimted  from  Vol.  cx.xvii,  page  42.) 

Jos.  M.  Wilson,  President,  in  the  Chair. 

Concerning  the  traffic  which  will  use  the  canal  it  may  be 
•divided  into  the  following  classes  : 

'Jons. 

(i)  Trade  across  the  Isthmus 1,217,685 

(2)  Trade  between  Atlantic  and  Pacific  ports  of  United 

States, 145,713 

(3)  Trade  between  Atlantic  ports  of  United  States  and 

foreign  countries  west  of  Cape  Horn 752,585 

(4)  Trade  between  Pacific  ports  of  the  United  States  and 

foreign  countries  east  of  Cape  Horn 879,844 

(5)  Trade  around  Cape  Horn  of  European  countries,  .     .     1,471,399 

(6)  Trade  of  British  Columbia  with  Europe,  .....  39.818 

Total  tonnage 4,507,044 

Whole  No.  Vol.  CXXVII. — (Third  Series,  Vol.  xcvii.)  6 
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Our  Pacific  ports  are  now  13,000  and  14,000  miles  away 
from  us  by  way  of  Cape  Horn.  The  distances  by  the  canal 
will  be  4,500  to  5,500  miles,  and  here  again  we  shall  gain  a 
great  stride  upon  Europe,  and  be  the  nearer  to  San  Francisco 
by  2,500  miles,  instead  of  being  that  much  further  away  as 
we  are  now.  The  natural  growth  and  development  of  these 
Pacific  states  and  territories  will  soon  furnish  thousands  of 
tons  of  traffic  for  the  canal,  for  the  hundreds  that  exist  under 
the  present  conditions.  San  Francisco  owns  more  ships  and 
a  greater  tonnage  to-day  than  at  any  previous  time.  Port- 
land, Ore.,  with  40,000  inhabitants,  last  year  handled  12,- 
500,000  pounds  of  wool  and  1,500,000  pounds  of  hops.  '  Her 
domestic  exports  amounted  to  $9,000,000,  and  her  foreign 
exports  to  $5,000,000.  Her  merchants  moved  238,000  tons 
of  wheat  and  flour,  and  her  grain  fleet  numbered  seventy- 
three  vessels,  registering  93,320  tons.  The  total  foreign  and 
coastwise  exports  from  the  Puget  Sound  collection  district, 
last  year,  amounted  to  nearly  $9,000,000.  The  salmon  can- 
neries of  the  Northwest  coast  shipped  1,500,000  cases.  The 
acreage  and  product  of  the  wheat  fields  of  Eastern  Oregon 
and  Eastern  Washington  have  doubled  within  ten  years, 
and  there  is  enough  vacant  wheat  lands  to  permit  the  same 
phenomenon  within  the  next  decade. 

The  lumber  trade  of  Oregon  and  Washington  presents 
the  most  notable  development  of  any  line  of  commerce  dur- 
ing the  past  year.  In  1886,  the  total  shipment  was  6,000,000 
feet.  In  1887,  it  averaged  4,000,000  feet  per  month,  or  eight 
times  the  total  of  1886.  There  are  said  to  be  20,000  square 
miles  of  yellow  and  red  fir  alone  in  Washington,  generally 
known  in  trade  as  "Oregon  pine,"  and  the  trees  of  these 
forests  reach  twelve  feet  in  diameter  and  300  feet  in  height. 
The  timber  field  of  Oregon  is  a  quarter  of  the  superficial 
area  of  the  state,  or  25,000  square  miles.  The  wheat,  lumber, 
fish,  wool,  furs  and  other  commodities  of  the  Pacific  North- 
west will  be  provided  -to. commerce  in  increasing  quantities, 
and  with  greater  profit  to  the  producers,  w^hen  cheap  water 
transportation  is  at  hand  to  convey  them  promptly  to  the 
world's  markets. 

Tr.e  trade  between  Australasia  and    our  Atlantic  ports 


Feb.,  1889.]  Tlie  Nicaragua  Canal.  83 

has  quadrupled  since  1865,  though  it -is  still  trifling  in  com- 
parison with  the  total  foreign  commerce  of  those  colonies  ; 
but  it  has  grown  to  what  it  is  without  encouragement,  and 
in  spite  of  obstacles  and  disadvantages,  and  slight  favoring 
circumstances  might  open  up  for  us  large  possibilities  in 
our  relations  with  young  English-speaking  peoples  whose 
foreign  commerce  already  exceeds  $500,000,000  per  year. 
The  total  tonnage  entered  and  cleared  at  New  Zealand  ports 
in  1885,  exclusive  of  coasters,  was  1,032,700,  of  which  a  con- 
siderable part  was  by  sail  with  Europe.  The  distance  from 
Liverpool  to  Auckland  is  500  miles  less  by  Nicaragua  than 
by  any  other  route,  and  2,524  miles  less  than  by  the  Cape  of 
Good  Hope.  It  might  very  well  happen  that  a  part,  at 
least,  of  this  European  trade  with  New  Zealand  will  choose 
the  Nicaragua  route,  not  so  much  for  the  distance  saved 
over  Cape  Horn  as  for  the  more  favorable  weather,  winds 
and  currents  to  be  met  with  in  the  latitude  of  the  canal. 
Sailing  vessels  between  Europe  and  Japan  would,  by  w^ay  of 
Nicaragua,  save  at  least  3,000  miles  over  other  routes. 

The  stimulus  which  our  domestic  and  near-by  foreign 
commerce  will  receive  from  the  safe  and  sure  progress  of 
an  inter-oceanic  canal  towards  completion,  the  natural 
increase,  in  six  years,  of  all  the  classes  of  trade  within  the 
zone  of  attraction  of  the  canal,  and  the  fair  probability  of 
additions  from  the  European  traffic  by  sail  with  Japan,  New 
Zealand,  Fiji  and  the  South  Pacific  groups,  should  render  it 
safe  to  predict  a  total  tonnage  of  six  to  six  and  a  half 
millions  for  the  Nicaragua  Canal  in  1894.  If  the  cost  of 
constructing  the  canal  should  prove  to  be  double  the  esti- 
mate of  the  engineers,  the  financial  adventure  would  still 
be  safe  and  profitable.  The  commerce  which  exists  to-day 
assures  so  much.  Half  of  that  commerce  is  our  own.  It 
is  wonderful  that  it  should  have  maintained  itself  so  well 
in  view  of  the  disadvantages  under  which  it  has  labored. 

The  greatest  traffic  of  the  Suez  Canal  in  1885  was  8,985,- 
411  tons,  in  3,624  vessels.  Its  present  charges  are  nine 
francs  per  ton.  While  the  tonnage  and  consequently  the 
receipts  fell  off  slightly  in  the  following  years,  the  latest 
returns  show  recovery  from  this  slight  relapse,  and  it  is  safe 
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to  consider  9,000,000  as  the  present  annual  tonnage.  It  must 
be  remembered  that  this  canal  opens  into  the  Red  Sea, 
which  has  always  been  impossible  to  sailing  ships,  on 
account  of  the  calms.  Situated  as  it  is,  the  Nicaragua 
Canal  route  offers  every  facility  for  the  passage  to  and 
departure  from  the  termini  of  the  canal  of  sailing  vessels, 
for  the  trade  winds  are  constant  for  ten  months  in  the  year, 
while  for  the  other  two  a  breeze  blows  in  some  direction, 
generallv  southwest,  giving  the  vessels  dependent  on  their 
sails,  a  constant  opportunity  to  keep  themselves  under 
control. 

A  large  portion  of  the  traffic  on  the  Suez  Canal  is  by 
tramp  or  freight  steamers,  to  whom  economy  in  coal  is  of 
the  first  importance.  Hence,  these  vessels,  though  they  may 
return  by  Suez,  will  be  undoubtedly  glad  to  avail  themselves 
of  the  favoring  trades  from  Europe  to  Nicaragua,  and  again 
from  Nicaragua  to  the  Indies^  or  China  and  Japan  and 
Australia. 

It  is  safe,  therefore,  to  conclude  that  a  portion  at  least  of 
the  tonnage  passing  through  Suez  will  find  its  way  to 
Nicaragua. 

Such  then  are  the  natural  advantages  and  the  general 
prospects  of  this  enterprise.  Let  us  see  what  the  present 
company  has  done  to  avail  itself  of  nature's  favors. 

The  company  has  obtained  from  Nicaragua  and  Costa 
Rica  concessions  of  great  value.  These  have  been  ratified 
after  due  consideration  by  the  Congresses  of  those  Republics. 
The  concessions  bestow  all  privileges  for  this  canal,  and  a 
railroad  and  telegraph  along  its  route,  as  well  as  land  grants 
amounting  to  about  a  million  and  a  quarter  acres,  most  of 
which  is  on  the  canal  line.  The  company  has  for  nearly  a 
year  kept  a  force  of  200  men  at  work  in  Nicaragua,  who 
have  completed  the  most  elaborate  and  detailed  surveys 
of  the  location,  and  have  acquired  the  most  intimate 
acquaintance  with  the  work  before  it. 

Borings  along  the  line  of  the  canal  have  now  been  con- 
tinued for  ten  months,  and  the  cube  to  be  extracted  is 
intimately  known,  both  in  kind  and  quantity.  In  addition 
to  this  the    company  has  presented  the    enterprise   to   the 
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notice  of  engineers,  business  men  and  capitalists  of  this 
countr}^  and  Europe,  in  a  thorough  and  impartial  manner. 
It  has  blinked  at  nothing,  has  extenuated  or  concealed  no 
defect  or  difficulty.  The  enterprise  is  now  before  the  world, 
depending  on  its  naked  merits  for  approval.  In  carr\dng  on 
these  surveys  and  other  works,  the  company  has  shown  its 
sincerity  by  expending  about  $400,ck)0,  and  this  in  addition 
to  millions  of  dollars  worth  of  work  done  by  the  United 
States  Government  on  the  same  ground  in  the  last  twenty 
years. 

The  canal  can  be  built  and  equipped  for  $60,000,000,  but 
we  must  organize  the  final  company  liberally,  and  not 
cramp  the  enterprise,  if  unforeseen  wars  or  other  complica- 
tions should  intervene  to  increase  its  cost.  We  must  be 
ready  to  use  $100,000,000,  if  necessary.  The  traffic  ready 
to  use  the  canal  as  soon  as  opened,  will  give  a  net  revenue 
of  from  $12,000,000  to  $15,000,000  annually.  The  final 
work  of  the  preliminary  company  is,  therefore,  to  organize 
the  Maritime  Canal  Company  of  Nicaragua  and  Costa 
Rica,  with  a  capital  of  $100,000,000.  A  charter  from  the 
United  States,  though  not  indispensable,  is  undoubtedly 
beneficial,  and  an  act  of  incorporation  was  introduced  in 
Congress  during  the  present  session.  It  passed  the  Senate 
in  February  last,  and  will,  it  is  believed,  pass  the  House  of 
Representatives  in  December  next. 

This  great  enterprise  will  have  results  far-reaching  and 
permanent.  The  commercial  world,  which  has  been  moving 
westward  since  the  dawn  of  history,  will  be  brought  by  this 
canal  to  Philadelphia,  New  York  and  New  Orleans.  The 
whole  circulation  in  the  veins  and  arteries  of  trade  will  be 
reversed  in  its  direction. 

It  is  a  great  satisfaction  to  me  to  be  the  humble  agent 
selected  to  lay  this  project  before  so  distinguished  a  society 
as  the  Franklin  Institute.  I  cannot  doubt,  had  Benjamin 
Franklin  lived  in  these  days,  that  he  would  have  been 
found  in  the  fore-front  of  this  enterprise,  so  fraught  as  it  is 
with  profit  to  our  own  commerce  and  industries,  and  so 
beneficial  to  all  the  dwellers  upon  earth. 
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APPENDIX. 


[From  Engineering  News,  of  June  2,  1888.] 


THE    PROFILE.* 

This  profile  was  prepared  for  the  Panama  Canal  Company,  and  printed 
during-  the  current  year,  for  the  purpose  of  showing  the  work  necessary  to 
complete  a  lock  canal.  It  was  afterwards  attempted  to  suppress  it,  as  already 
noted.  It  shows,  in  a  very  striking  manner,  the  amount  of  work  done  upon 
the  Panama  Canal  during  the  seven  years  that  it  has  been  under  construc- 
tion, and  gives  an  approximate  idea  of  the  amount  necessary  to  complete  the 
canal  at  sea  level  ;  a  much  more  correct  idea  than  it  has  been  possible  to 
form  heretofore. 

The  profile  should  be  considered  in  the  light  of  M.  de  Lesseps'  repeated 
declarations  that  the  lock  system  is  only  a  temporary  expedient,  and  that  the 
company  is  bound  to  complete  the  canal  to  the  sea  level,  according  to  its 
original  prospectus.  It  should  also  be  borne  in  mind  that  there  is  no  ade- 
quate water  supply  for  the  upper  lock,  1 50  feet  above  the  bed  of  the  lowest 
level ;  that  the  problem  of  controlling  the  waters  of  the  Chagres  River  is 
still  unsolved,  and  that  the  other  elements  of  doubt  and  difficulty  concern- 
ing the  lock  canal  are,  if  not  as  many  and  as  great  as  those  which  surround 
the  sea-level  project,  yet  very  many  and  very  great. 

The  profile  is  from  the  copy  referred  to  by  M.  Rondeleux  in  the  speech 
from  which  we  make  an  extract  above. 

The  first  announcement  made  by  the  Panama  Company  of  the  cube  that 
would  remain  to  be  extracted  under  the  lock  plan  was  40,000,000  cubic 
metres.  In  reporting  the  work  done  in  February,  the  Bulletin  du  Canal  Inicr- 
oceaniqiie,  of  May  2d,  said:  "There  remains  to  extract  32,132,244  cubic 
metres." 

A  careful  calculation,  by  scale,  of  the  amount  of  excavation   for  the  lock 
canal,  as  shown  on  the  profile,  between  kilometres  18  and  67*300,  conceding' 
the  completion  of  the  two  ends  (though  they  are  not  complete  by  any  means), 
and  taking  a  slope  of  one  and  one-half  to  one  throughout  (which  cannot  be 
maintained  in  the  higher  parts),  gives  a  total  of  37,250,627  cubic  yards. 

This  aggregate  amounts  to  34,081,086  cubic  metres,  and  takes  no  account 
of  the  work  yet  to  be  done  in  Panama  Bay,  or  in  the  coral  rock  between  kilo- 
metres 67  and  74,  and  without  the  channels  for  the  deflection  of  the  Chagres, 
the  Rio  Grande  and  the  Obispo,  amounting  certainly  to  several  millions  of 
cubic  metres. 

The  excavations  for  the  locks  will  also  be  considerable  in  quantity,  and  it 
will  be  strange  if  they  are  not  likewise  of  a  difficult  and  tedious  nature,  since 
the  locks  are  located  in  rock.  Ittherefore  appears  far  within  the  proabilities 
to  place  the  total  excavation  remaining  to  be  accomplished  for  the  canal,  with 
ten  locks,  at  50,000.000  cubic  metres.  If  the  upper  locks  be  abandoned,  as 
contemplated  by  the  terms  of  the  Eiffel  contract,  it  will  add  largely  to  the 
cube  and  the  difficulty. 

*  For  the  use  of  this  illustration  we  are  indebted  to  Engineering  Ne^vs .  (^^  •) 
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PROCiRESS  PROFILE  OF  THE  PANAMA  CANAL. 
Showing  the  amount  of  work  done  towards  building  the  canal,  up  to  January  i,  i8S8. 


2      3     4-56 


S      10     n      li     13     14.    15     16     17     18     19    20    Jl     2£    z^i    Z1    ii    Zb    27    28    29    3      ^      32    53    3*   3^   35 


36    37    38     39    AO    41     42    43    44    4^    46    47   48   49    50    51     5?     »    54    55    56    57    58    ^9   60    6t    62    6i    64    6^    S6   67    68    '0   70   7r     72    73   74- 
[This  profile  exhibits  the  slate  of  the  work  as  a  sea-level  canal — when  this  plan  was  abandoned.] 


36    37    38    39    40    44     4i   43    44    4:5   4B    47   48    49    50    51     52     53    54-  55    55    ?7    5B    59    60    61    62    63    64    65    66    67    68   69   7b   ri     72    73   74. 
30rTiilC'5  4omrle5 


[This  profile  was  issued  by  the  Panama  Canal  Company  in  January,  1888,  primarily  to  show  the  lock  system,  and  the  small  remaining 

amount  of  work. 
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Now  the  company's  rate  of  excavation,  even  with  the  help  of  the  large 
figures  from  the  Colon-Gatun  section,  has  not  averaged  1,000,000  cubic 
metres  per  month,  the  past  two  years  through.  At  the  best  rate  of  progress, 
therefore,  and  with  the  most  liberal  allowances,  there  is  work  enough  to  con- 
sume four  years,  and  that  would  involve  the  disbursement  of  something  like 
$80,000,000  for  interest  and  sinking  fund  of  the  debt  and  expenses  of 
administration,  without  counting  a  dollar  for  work  or  material  on  the  canal 
itself. 

Though  the  work  accomplished  thus  far  has  been  the  easiest  that  the  line 
presents,  still,  more  than  one  contractor  has  succumbed  before  the  difficulties 
of  the  Culebra.  Some  of  the  richest  and  most  experienced  firms  of  Europe 
have  declared  the  tasks  of  that  portion  of  the  line  beyond  their  power  to 
accomplish,  and  have  abandoned  their  contracts.  The  laborers  are  not  more 
numerous  nor  more  efficient  than  they  were  when  Seiior  Tanco  Armero  declared 
that  the  results  of  their  work  convinced  him  that  there  had  never  been  more 
than  5,000  men  employed,  though  the  company  claimed  to  have  15,000. 

Again,  the  water  for  the  supply  of  the  lock  system,  so  far  as  is  known,  is 
to  be  furnished  from  the  Chagres  River.  In  the  dry  season  the  flow  of  the 
Chagres  is  at  the  rate  of  ten  cubic  metres  per  second,  of  the  Obispo  one 
cubic  metre,  and  of  the  Rio  Grande  o"4  cubic  metre.  The  three  streams 
would  therefore  supply  some  259,977,600  gallons  per  day.  The  capacity  of 
each  of  the  locks  is  40,000  cubic  metres,  and  each  vessel  crossing  the  summit 
level  will  require  the  two  locks  to  be  emptied  once,  using  something  like 
80,000  cubic  metres  of  water.  The  Panama  Company  claims  a  tonnage  of 
10,000,000  per  year,  or  28,000  tons  per  day,  representing  twenty  vessels  of 
1,400  tons  each,  although  this  seems  to  us  a  most  exaggerated  estimate.  The 
water  required  for  their  transit  would  be  322,400,000  gallons  per  day.  The 
evaporation  and  filtration,  estimated  at  one  per  cent,  per  day,  would  entail  a 
loss  of  something  like  47,300,000  gallons,  making  the  daily  requirement 
amount  to  369,700,000  gallons.  The  supply  is  259,977,600,  and  the  shortage 
on  this  basis  109,765,260  gallons. 

We  should  hardly  expect  from  this  computation  that  there  would  really  be 
any  shortage  of  water  supply,  since  we  have  no  belief  that  the  traffic  will 
reach  10,000,000  tons,  or  anything  approaching  it,  for  a  long  period  of  years, 
but  it  seems  to  be  admitted  that  pumping  will  be  necessary,  and  it  seems  to 
be  proposed  to  provide  for  it.  Therefore,  we  apprehend  that  this  water 
supply  estimate  is  really  too  liberal. 
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Appendix. — Tables  covering-  twelve  months  from  July 
1886,  to  June,  1887,  inclusive. 


RivAS — July,  1886.     Lat.  11°  26' n.  ; 
Long.,  83°  49' w.     7  a.m.,  Washington 

time;    6-17    A.M.,     LOCAL   TIME.       BaR. — 
150  FEET  ABOVE  SEA  LKVEL. 
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In  order  to  test  the  capacity  of  the  canal  as  regards  its  faciHty  for  navi- 
gation, let  us  compare  it  with  the  Suez  Canal,  whose  financial  success  is 
already  well  established.  The  Suez  Canal  is  loo  miles  long,  with  a  continu- 
ous depth  of  twenty-six  feet,  and  a  uniform  bottom  width  of  seventy-two  feet.* 

The  width  of  surface  water  varies  from  190  to  330  feet,  according  to  the 
slope  required  by  the  soil. 

"  The  area  of  water  prism  ranges,  therefore,  between  a  minimum  of  3,406 
square  feet  and  a  maximum  of  5,226  square  feet.  The  minimum  radius  of 
curve  is  2,000  feet.  Its  entire  length  is  open  to  ships  of  all  nationalities,  pro- 
vided their  draught  does  not  exceed  7* 51  metres  (24'' "]''). 

"  The  maximum  speed  of  all  ships  passing  through  the  canal  is  fixed  at 
ten  kilometres  (equal  to  5^8  nautical  miles  or  6^jy  statute  miles)  per  hour. 
(From  regulations  for  navigation  of  Suez  Canal). 

"  Vexatious  delays,  due  to  grounding  in  rounding  the  sharp  curves  and 
in  going  in  and  out  of  the  sidings  to  allow  other  vessels  to  pass  and  stoppages 
for  the  night,  make  the  time  of  vessels  in  the  canal  range  from  forty  to  seventy 
hours. 

"  However,  the  average  effective  sailing  speed,  as  given  in  the  reports  of 
the  company,  is  five  knots  an  hour.  The  passage  has  been  made  in  fifteen 
hours  by  starting  at  break  of  day  and  getting  through  before  dark." 

At  Suez  the  traffic  has  been  seriously  delayed  by  the  dimensions  of  the 
canal  and  the  inadequate  number  of  turnouts. 

In  the  present  project  not  only  have  enlarged  prisms  been  provided  for, 
but  large  basins  are  proposed  at  the  extremities  of  the  locks.  These  basins, 
the  enlargement  of  the  canal  at  each  end,  with  the  lake,  the  river  and  the 
San  Francisco  Basin,  will  permit  vessels  to  pass  each  other  without  delay  at 
almost  every  point  on  the  route. 

In  2ro  miles  or  72*9  per  cent,  of  the  canal  in  excavation,  the  prism  is 
large  enough  for  vessels  in  transit  to  pass  each  other,  and  of  a  minimum 
sectional  area  of  4,500  square  feet.*  The  remaining  distances  in  which  large 
vessels  cannot  conveniently  pass  each  other  are  so  divided  that  the  longer  is 
only  473  miles  in  length  and  the  shorter  3'07  miles.  These  short  reaches  of 
narrow  canal  are  situated  between  basins,  and  can  be  traversed  by  any 
vessel  in  the  same  or  less  time  than  is  estimated  for  the  passage  of  a  lock  ; 
consequently  unless  a  double  system  of  locks  be  constructed  nothing  will  be 
gained  by  an  enlargement  of  the  prisms. 

The  possible  detention  in  the  transit,  due  to  those  narrow  cuts,  which  should 
not  in  any  case  exceed  forty-five  minutes,  would  not  justify  the  necessary 
increase  of  expense  involved  in  an  enlargement  of  the  cross-section  proposed. 
Both  the  bottom  width  and  the  depth  of  the  proposed  canal  are  larger  than 
those  of  the  Suez  Canal. 

"In  the  lake  and  in  the  largest  portion  of  the  San  Juan  River  vessels  can 
travel  almost  as  fast  as  at  sea.  In  some  sections  of  the  river,  and  possibly  in 
the  basin  of  the  San  Francisco,  although  the  channel  is  at  all  points  deep  and 

*  The  sectional  area  of  the  North  Sea  and  Baltic  Canal,  inaugurated  June  3,  1887,  is  3,934  square 
feet,  and  will  permit  the  passing  of  ordinary  ships  at  any  point. 
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of  considerable  width,  the  speed  may  be  somewhat  checked  by  reason  of  the 
curves. 

ESTIMATED   TIME   OF   THROUGH    TRANSIT    BY    STEAMERS. 

Hours.  Minutes. 

28"89  miles  of  canal  at  five  miles  an  hour 5  46 

20'28  miles  in  the  San  Francisco,  Machado,  Deseado 

and  La  Flor  basins,  at  eight  miles  an  hour,   ...  2  32 

64  miles  in  the  San  Juan  River  at  nine  miles  per  hour,  7  6 

56' 50  miles  in  the  lake  at  ten  miles  an  hour,     ...  5  39 
Time  allowed  for  passing  six  locks   at  thirty  minutes 

each, 3 

Allow  for  detention  in  narrow  cuts, i  30 

25  24 

"  The  experience  of  the  Suez  Canal  shows  that  the  actual  time  of  transit 
is  more  likely  to  fall  under  than  to  exceed  the  above  estimate. 

"  The  traffic  of  the  canal  is  limited  by  the  time  required  to  pass  a  lock, 
and  on  the  basis  of  thirty-five  minutes  (above  estimated)  and  allowing  but 
one  vessel  to  each  lockage,  the  number  of  vessels  that  can  pass  the  canal  in 
one  day  will  be  forty-eight,  or  in  one  year  17,520,  which,  at  the  average  net 
tonnage  of  vessels  passing  the  Suez  Canal  (2479"4  for  1885),  will  give,  as  the 
annual  capacity  of  the  canal,  43,422,088  tons.  This  is  on  the  basis  that  the 
navigation  will  not  be  stopped  during  the  night. 

"  With  abundant  water-power  at  the  several  locks  and  the  dam,  there  is 
no  reason  why  the  whole  canal  should  not  be  sufficiently  illuminated  by  elec- 
tric lights  ;  and  with  beacons  and  range  lights  in  the  river  and  lake,  vessels 
can  travel  at  all  times  with  perfect  safety." 


In  preparing  this  paper,  the  writer  has  not  hesitated  to 
draw  upon  the  writings  of  many  gentlemen,  as  sources  of  in- 
formation ;  as  regards  engineering  features,  he  is  indebted 
to  United  States  Civil  Engineers  Menocal  and  Peary,  and  to 
Mr.  J.  C.  Hueston  of  the  Nicaraugua  Canal  ofifice. 

[At  the  close  of  Commander  Taylor's  remarks,  the  thanks 
of  the  meeting  were  tendered  to  him  for  his  able  and  inter- 
esting presentation  of  this  important  subject.] 
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SPIRALLY  WELDED  STEEL  TUBES. 


By  J.  C.  Bayles. 


[  An   abstract  of  remarks   made  at  the   tneefing  of   the    Institute,   held 
Wednesday,  fanuary  i6,  i88g.'\ 

Joseph  M.  Wilson,  President,  in  the  Chair. 

Mr.  Bayles:  —  Mr,  President  and  Members  of  the 
Institute: 

The  manufacture  of  light  steel  pressure  pipes  made  from 
strips  of  metal  wound  laterally  and  hammer-welded,  is  an 
entirely  new  industry,  employing  means  and  producing 
results  wholly  unlike  any  before  known  in  the  arts. 

In  iron  and  steel  pipe,  it  is  desirable  to  use  no  more 
material  than  is  needed  to  give  the  strength  desired.  This 
is  true  of  all  products,  the  progress  of  the  arts  tending 
steadil}'  to  a  good  constructive  use  of  material,  to  secure  a 
maximum  of  strength  with  a  minimum  of  dead  weight. 
As  the  rule,  lap-welded  tubes  are  enormously  heavier  than 
anything  in  the  service  to  which  they  are  subjected, 
warrants.  They  are  made  so  for  no  other  reason  than  that 
lighter  stock  than  that  employed  in  making  them  cannot  be 
used.  If  the  stock  is  heated  in  sheets,  drawn  from  the 
furnaces  at  the  welding  temperature,  shaped  on  a  mandrel 
and  welded,  a  considerable  body  of  stock  is  needed  to  hold 
the  heat  during  the  shaping  and  welding  processes.  With 
thin  sheets  one  of  two  things  would  happen :  either  the 
metal  would  chill  instantly  when  drawn  from  the  furnace, 
and  refuse  to  weld;  or,  if  hot  enough,  would  collapse  upon 
itself,  defeating  all  efforts  to  shape  and  weld  it.  Light 
pipes  would  have  been  made  by  lap  welding  long  ago  had  it 
been  possible.  As  it  is,  they  are  much  heavier  than  their 
strength  calls  for,  the  longitudinal  weld  being,  as  the  rule, 
a  line  of  weakness.  In  spirally  welded  pipes  we  have  the 
material    used    to    the    very   best    advantage.     The    weld, 
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instead  of  being  a  line  of  weakness,  is  a  spiral  reenforce- 
ment.  A  circumferential  twisting  strain  is  not  created 
transversely  to  the  weld,  but  longitudinally ;  or,  to  be  more 
accurate,  obliquely ;  and  such  pressure  does  not  tend  to 
open  the  seam,  as  in  the  case  of  a  longitudinal  weld,  but 
to  close  it.  The  behavior  of  a  spirally-welded  pipe  under 
pressure  is  illustrated  by  a  very  simple  experiment.  Roll  a 
ribbon  of  paper  into  a  spiral  tube,  as  children  make  lamp- 
lighters, pinch  one  end  tightly  shut  and  blow  in  the  other. 
It  will  be  found  that  the  first  effect  of  internal  pressure  is 
to  tighten  the  seams,  and  the  paper  may  be  burst  before 
any  air  will  leak  out  between  the  edges  of  the  parts  in  con- 
tact. I  have  seen  a  defective  spirally-welded  pipe  leak 
under  twenty  pounds  pressure,  become  tight  at  fifty  pounds, 
and  remain  tight  up  to  350  pounds  per  square  inch.  Under 
an  internal  bursting  strain,  the  strength  of  a  spirally-welded 
tube  is  found  in  the  testing  machine  to  be  as  great  as  the 
theoretical  strength  of  the  stock. 

The  process  of  manufacture  is  simple  and  inexpensive, 
but  has  entailed  many  and  serious  difficulties.  These,  how- 
ever, have  been  overcome.  Steel  of  suitable  quality,  i.  e., 
weldable,  and  having  a  tensile  strength  of  65,000  pounds 
per  square  inch,  with  about  fifty  per  cent,  reduction  of  area 
and  fifteen  to  eighteen  per  cent,  elongation,  is  rolled  in 
grooves  to  the  proper  width,  and  as  long  as  may  be  conve- 
nient. These  strips  are  welded  end  to  end  in  a  machine 
built  for  the  purpose,  which  works  very  well.  As  they  are 
welded  into  long  bands,  the  strips  are  rolled  on  large  reels, 
which  are  passed  to  the  pipe  machines. 

The  pipe  machine  is  shown  in  the  accompanying  illus- 
tration. 

The  essential  features  of  the  pipe  machine  are  a  guide- 
table  for  the  skelp,  adjustable  to  the  desired  angle;  feed-rolls, 
to  pass  it  forward  with  an  intermittent  progress,  so  that  it 
shall  advance  when  the  former  is  raised  and  be  at  rest  when 
it  falls;  a  former,  to  curve  the  metal  to  the  desired  radius, 
also  adjustable;  a  furnace,  to  heat  the  metal;  a  hammer,  to 
weld  it,  and  an  anvil  to  support  the  pipe  and  receive  the 
shocks  of  the  hammer.  No  mandrel  is  used.  The  pipe  in 
Whole   No.  Vol.  CXXVII.— (Third  Series.  Vol.  xcvii.)  7 
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the  forming  process  is  held  in  place  by  a  pipe-mould,  which 
is  a  cylindrical  shell,  within  which  the  pipe  rotates  as  the 
stock  is  fed  in.  The  anval  is  of  considerable  mass,  steel- 
faced,  and  extends  the  entire  width  of  the  skelp.  The 
hammer  is  light,  and  at  normal  speed  strikes  350  blows  per 
minute.  The  heating  is  done  in  a  furnace  so  constructed  as 
to  heat  both  the  edges  to  be  united  for  the  space  of  several 
inches  ahead  of  the  point  at  which  the  welding  is  effected. 
The  upper  skelp  enters  the  furnace  fiat,  and  the  lower  skelp 
curved,  having  already  been  through  the  forming-jaws.  The 
heat  is  imparted  by  one  or  two  blow-pipes  of  water  gas  and 
air,  discharging  upon  the  metal  through  passages  of  suit- 
able form  in  the  refractory  lining  of  the  furnace.  One  gas- 
flame  has  been  found  suificient,  but  two  work  better ;  and 
besides  being  more  convenient  »to  control,  they  heat  the 
metal  more  rapidly  and  permit  an  accelerated  feed.  As  very 
little  gas  is  wasted,  the  greatest  economy  attends  the  most 
rapid  production  of  pipe,  irrespective  of  the  quantity 
burned,  which  in  any  case  is  about  thirty  feet  per  foot  of 
welded  seam.  The  speed  of  production  depends,  as  stated, 
upon  the  thickness  of  stock  to  be  heated,  and  the  relation  of 
wndth  of  skelp  to  diameter.  It  averages  a  foot  per  minute 
to  each  machine,  and  it  is  probable  this  average  can  be 
raised  considerably.  The  machines  are  so  nearly  automatic 
in  operation  that  very  little  skilled  labor  is  needed  in 
running  the  plant.  The  operator  has  his  gas,  air  and  feed- 
under  control  by  convenient  means,  and  varies  their  rela- 
tions until  he  has  them  just  as  he  wants  them.  He  can  see 
the  edges  as  they  emerge  from  the  furnace,  and  about  all 
the  skill  he  needs  is  that  which  will  enable  him  to  judge  by 
its  color  whether  the  iron  is  above,  below  or  at  the  welding- 
heat.  Unskilled  labor  prepares  the  stock  and  removes  the 
finished  product.  The  ends  of  the  pipe  are  cut  square  by 
suitable  machinery  without  reversing,  and  after  testing  and 
treating  with- asphalt,  the  pipe  is  readv  for  shipment.  As 
may  be  supposed,  all  the  difficulties  of  mechanical  develop- 
ment have  centred  in  the  pipe  machine.  To  make  this 
satisfactory  in  operation  has  probably  been  no  more  serious 
task  than   is    usuallv    entailed    in    the    effort    to   make  old 
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mechanical  motions  perform  new  functions,  but  it  has  con- 
sumed a  great  deal  of  time  and  money. 

The  strengths  attainable  in  light  pipe,  if  the  material  is 
used  to  the  best  advantage,  are  quite  surprising.  A  6-inch 
pipe,  made  of  No.  14  gauge  iron  of  good  average  quality, 
showing  under  test  33,000  pounds  elastic  limit,  and  50,000 
pounds  ultimate  strength,  has  a  proof  strength  of  913 
pounds  per  square  inch,  and  an  ultimate  strength  of  1,383 
pounds  per  square  inch.  A  12-inch  pipe  of  the  same 
stock  has  a  proof  strength  of  456  pounds,  and  an  ultimate 
strength  of  691  pounds.  If  a  good  grade  of  soft  steel  is 
used  instead  of  iron,  the  6-inch  pipe  will  carry  1,106  pounds 
pressure  without  deformation,  and  will  not  burst  under 
1,800  pounds;  the  12-inch  pipe  can  be  tested  to  475  pounds 
and  will  carry  900  pounds  without  fracture.  This  is  very 
practical  pipe.  Using  the  same  diameters  and  gauges  of 
stock  for  comparison,  we  find  that  the  6-inch  spirally-welded 
pipe  weighs  5-2  pounds  per  foot  against  1877  pounds  per 
foot  for  standard  lap-welded  pipe,  and  28-28  pounds  for 
medium  cast-iron  pipe ;  the  1 2-inch  spirally-welded  pipe 
weighs  1 0-46  pounds  against  54*65  pounds  for  lap-welded 
and  77*36  for  medium  cast  iron.  I  give  below  tables  of 
strength  for  steel  tubes. 
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Spirally-Welded  Steel  Tubes. 
Proof  strength  of  stock,  40,000  pounds  per  square  inch. 
Ultimate  strength  of  stock,  65,000  pounds  per  square  inch. 
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Owing  to  its  superior  advantages,  we  shall  use  steel 
exclusively  in  future.  It  is  twenty-five  per  cent,  stronger 
than  good  iron,  works  better  and  costs  less  per  pound. 

The  advantages  of  spirally-welded  tubes  over  any  other 
form  of  pressure  pipes,  as  regards  economy  of  transportation 
and  handling,  are  very  marked,  as  will  appear  from  the 
comparisons  of  the  following  table : 
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The  question  of  durability  in  service  is  one  which  natu- 
rally suggests  itself  when  light  steel  or  iron  pipes  are  dis- 
cussed. Experience  on  the  Pacific  Coast  seems  to  have 
settled  this  question,  as  the  cheap  expedients  adopted  for 
water-conveyance  during  the  days  when  hydraulic  mining 
was  most  extensively  conducted  have  been  followed  ever 
since  in  permanent  engineering  works.  The  best  attainable 
data  on  this  subject  which  I  have  found,  are  presented  in  a 
paper  read  by  Hamilton  Smith,  Jr.,  before  the  British  Iron 
and  Steel  Institute,  and  printed  in  vol.  i.  of  the  Journal  for 
1886.  Much  of  the  information  contained  in  this  paper  is 
quite  surprising,  especially  in  the  case  of  the  two  mains 
across    Humbug  Caiion.     These  pipes   were  laid  in    1868. 
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They  are  of  twenty-six  inches  diameter,  1.194  feet  long,  of 
common  iron  one-sixteenth  inch  in  thickness,  single  riveted. 
During  all  this  time  they  have  been  delivering  water  under 
1 20  feet  head,  and  Mr.  Smith  gives  the  maximum  tensile 
strain  in  pounds  on  the  metal  per  square  inch  as  11,500, 
Large  as  these  figures  look,  they  are  simply  the  result  of 
applying  to  the  conditions  given  in  Rankine's  well-known 
formula  for  their  cylindrical  shells. 

Riveted  pipe  in  its  best  estate  labors  imder  the  disad- 
vantage of  inherent  structural  weakness,  and  liability  to 
rust  between  the  overlapping  edges  and  around  the  rivets. 
Pipes  of  this  character  on  the  Pacific  Coast  are  very  roughly 
tarred  in  position,  and  the  coating  is  quite  liable  to  be  pulled 
off  by  the  adobe  clav  in  which  most  of  them  are  laid  ;  but 
they  have  a  record  of  useful  life  since  1853,  and  manv  towns 
are  supplied  with  water  under  considerable  heads  from 
pipes  of  this  kind  which  have  been  more  than  twenty  years 
in  service.  A  welded  pipe  carefully  coated  with  asphalt 
should,  with  fair  treatment,  have  a  record  at  least  as  good, 
and  probably  much  better. 

The  coupling  of  light  pressure  pipes  involves  no  diffi- 
culties, but  it  entails  new  methods.  These  are  convenient 
and  inexpensive,  and  make  perfectly  tight  joints.  The  coup- 
lings are  chiefly  of  cast  iron,  and  their  form  depends  upon 
the  service  in  which  the  pipe  is  to  be  employed.  Steam, 
water,  petroleum,  compressed  air  and  gas,  all  present  differ- 
ent problems  in  couplings,  but  no  difficulties  which  have 
not  already  been  fully  met.  The  couplings  are  as  practical 
as  the  pipe.  The  one  generally  preferred  is  the  "  trumpet 
flange."  The  pipe  is  slipped  through  the  flange,  and  the 
projecting  end  is  expanded  and  laid  flat  against  the  face  of 
the  flange.  The  ends  of  the  pipes  are  thus  brought  in  con- 
tact with  the  gaskets,  making  perfect  joints  under  all  cir- 
cumstances. 

Spirally-welded  tubes  are  adapted  for  every  use  calling 
for  pressure  pipes.  In  the  paper,  before  referred  to,  Mr. 
Hamilton  Smith,  Jr.,  after  reciting  American  engineering 
experience  with  light  iron  tubes,  concludes  as  follows : 

"  The   query  presents  itself.     Why  should   not  wrought 
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iron  or,  still  better,  steel,  be  used  for  conduit  pipes  in  prefer- 
ence to  cast  iron  ?  If  it  answers  the  desired  purpose  in 
California,  why  should  it  not  do  so  in  other  parts  of  the  world  ? 
To  one,  like  myself,  who  has  for  years  been  accustomed  to 
the  California  practice,  it  seems  as  irrational  to  build  a  pipe 
of  cast  iron  carrying  water  under  considerable  pressure,  as 
it  would  be  to  build  a  suspension  bridge  with  the  support- 
ing chains  made  of  cast  iron. 

"Experience  in  the  United  States  has  shown  that  the 
practicable  limit  of  size  for  cast-iron  mains  is  a  diameter  of 
about  four  feet,  even  when  the  pressure  is  less  than  100 
pounds.  It  is  evident  that  a  pipe  of  wrought  iron  or  mild  steel 
can  be  safely  made  of  almost  any  desired  size,  and  this  may 
be  of  much  advantage  if  ^it  be  desired  to  conduct  a  large 
supply  of  water  through  pipes  for  cit}'  or  other  use.  For 
instance,  with  an  inclination  of  three  feet  per  mile  a  single 
pipe  eight  and  one-fourth  feet  in  diameter  will  carry  280 
cubic  feet  per  second,  while  seven  pipes,  each  four  feet  in 
diameter,  would  be  required  to  transport  the  same  quantity 
of  water  with  the  same  inclination.  The  cost  of  the  large 
pipe,  made  of  steel  or  wrought  iron,  would  be  considerably 
less  than  one-half  the  cost  of  the  seven  small  pipes  made 
of  cast  iron. 

"  The  ideal  conduit  for  high  pressures  is  a  welded  steel 
tube;  such  tubes  could  probably  be  subjected  to  a  tensile 
strain  of  25,000  pounds  with  perfect  safety,  and  would  be 
much  preferable  to  riveted  pipe,  not  only  on  account  of 
superior  strength,  but  also  by  reason  of  almost  perfect 
interior  smoothness.  "■''  ''•  *  The  adaptation  of  a  superior 
and  cheap  metal,  such  as  mild  steel  for  conduits,  will  permit 
the  construction  of  hydraulic  works  in  many  parts  of  the 
world  which  now  appear  to  be  impracticable,  owing  to  the 
cost  of  many  of  the  methods  still  in  use  for  the  transporta- 
tion of  water." 

Spirally-welded  steel  tubes  meet  all  the  conditions  above 
■•described.  The  industry  gives  promise  of  rapid  and  even 
phenomenal  development,  as  the  cheapness  and  excellence 
of  the  product  commands  for  it  instant  recognition  as  the 
most  valuable  of  recent  contributions  to  engineering 
materials. 
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SOME     AMERICAN     CONTRIBUTIONS 
TO     METEOROLOGY. 


By  Prof.  Wm.   M.  Davis,  of  Harvard  College. 


\A  Lecture  delivered  before  the  Franklin  Institlte,  November  rg,  /SSS."] 

The  lecturer  was  introduced  by  Prof.  Edwin  J.  Houston, 
and  spoke  as  follows  : 

Members  of  the  Institute,  Ladies  and  Gentlemen: 

If  our  object  were  to  learn  the  science  of  meteorology  in 
systematic  order,  the  contributions  made  to  it  from  our  own 
or  from  any  other  single  country  would  form  an  illogical 
sub-ject  for  a  lecture  ;  but  the  fostering  of  scientific  investi- 
gation has  always  been  one  of  the  objects  of  the  Franklin 
Institute,  and  to  this  end  it  may  be  profitable  to  review 
the  past  as  an  encouragement  to  the  future ;  to  look  over  the 
great  contributions  that  Americans  have  thus  far  made  to 
meteorology  and  thus  learn  the  responsibility  for  future 
work  that  rests  upon  us.  The  highly  respectable  position 
that  we  occupy  in  the  history  of  this  science  should  spur  us 
on  to  new  discoveries. 

From  the  abundance  of  material,  I  shall  have  time  to. 
mention  only  the  labors  of  seven  of  our  meteorologists : 
Franklin,  Redfield,  Espy,  Tracy,  Ferrel,  Coffin  and  Loomis  ; 
and  in  order  to  give  some  continuity  to  the  lecture,  I  shall 
select  chiefly  certain  suggestions  and  discoveries  made  by 
these  eminent  men  in  connection  with  the  irregular  disturb- 
ances in  the  atmosphere,  known  as  storms.  Many  other 
matters,  as  well  as  the  labors  of  Mitchell,  Maury,  Henry, 
Blodget,  Abbe,  and  others,  must  be  passed  over. 


We  cannot  do  better  than  begin  with  mention  of  certain 
contributions  made  by  the  illustrious  Franklin.  Twenty 
years  before  he  took  his  pre-eminent  part  in  our  Revolutionary 
history,  he  was  a  leader  among  the  Colonists  in  several  lines 
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of  scientific  research,  in  all  of  which  he  showed  that  keen 
and  critical  power  which  distinguishes  the  man  of  high 
ability.  His  demonstration  of  the  identity  of  lightning  and 
electricity  is  commonly  known  ;  it  is  an  extraordinary  thing, 
for  since  the  old  days  of  Jovian  thunderbolts,  lightning  was 
regarded  as  outside  the  ordinary  bounds  of  physical  phe- 
nomena, and  more  in  the  nature  of  a  special  creative  or 
rather  destructive  act.  It  was  as  early  as  1747  that  Franklin 
conceived  the  idea  that  lightning  and  electricity  were 
identical,  but  no  demonstration  of  their  identity  was  made 
until  1752,  when  a  French  physicist  undertook  experiments 
on  the  line  indicated  by  Franklin,  and  drew  the  electric 
fluid,  as  it  was  then  commonly  called,  down  from  the  clouds. 
In  the  same  year,  but  a  little  later,  Franklin  performed  his 
extraordinary  experiment  with  a  kite,  on  the  outskirts  of 
this  city,  one  of  the  most  daring  experiments  ever  tried ; 
indeed,  it  proved  fatal  to  a  Russian  imitator  within  the 
year.  The  result  was  so  decisive  that  no  one  has  ever 
questioned  it  successfully. 

Another  suggestion  from  Franklin  was  that  our  north- 
east storms  came  from  the  southwest ;  and  with  this  began 
the  science  of  weather  prediction.  Franklin's  first  mention 
of  this  was  in  a  letter  to  Jared  Eliot,  dated  at  Philadelphia, 
i6th  July,  1747.  He  wrote:  "We  have  frequently  along 
the  North  American  coast  storms  from  the  northeast,  which 
blow  violently  sometimes  three  or  four  days.  Of  these  I 
have  had  a  very  singular  opinion  for  some  years,  viz  :  that, 
though  the  course  of  the  wind  is  from^  northeast  to 
southwest,  yet  the  course  of  the  storm  is  from  southwest  to 
northeast ;  the  air  is  in  violent  motion  in  Virginia  before  it 
moves  in  Connecticut,  and  in  Connecticut  before  it  moves 
at  Cape  Sable,  &c.  My  reason  for  this  opinion  (if  the  like 
have  not  occurred  to  you)  I  will  give  in  my  next "  (Sparks* 
Life  of  Franklin^  vi,  79). 

The  reasons  are  stated  as  follows  in  a  letter  to  the  same 
correspondent,  dated  Philadelphia,  13th  February  1749-50: 
"  You  desire  to  know  my  thoughts  about  the  northeast 
storms  beginning  to  leeward.  Some  years  since,  there  was 
an  eclipse  of  the  moon  at  nine  o'clock  in  the  evening,  which 
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I  intended  to  observe ;  but  before  night  a  storm  blew  tip  at 
northeast,  and  contintied  violent  all  night  and  all  the  next 
day ;  the  sky  thick-clouded,  dark  and  rainy,  so  that  neither 
moon  nor  stars  could  be  seen.  The  storm  did  great  damage 
all  along  the  coast,  for  we  had  accounts  of  it  in  the  news- 
papers from  Boston,  Newport,  New  York,  Maryland  and' 
Virginia ;  but  what  surprised  me  was,  to  find  in  the  Boston 
newspapers  an  account  of  the  observation  of  that  eclipse 
made  there ;  for  I  thought  as  the  storm  came  from  the 
northeast,  it  must  have  begun  sooner  at  Boston  than  with 
us,  and  consequently  have  prevented  such  an  observation. 
I  wrote  to  my  brother  about  it,  and  he  informed  me  that 
the  eclipse  was  over  there  an  hour  before  the  storm  began. 
Since  which  I  have  made  inquiries  from  time  to  time  of 
travellers,  and  observed  the  accounts  in  the  newspapers 
from  New  England,  New  York,  Maryland,  Virginia  and 
vSouth  Carolina;  and  I  find  it  to  be  a  constant  fact  that  north- 
east storms  begin  to  leeward,  and  are  often  more  violent 
there  than  to  windward.  Thus,  the  last  October  storm, 
which  was  with  you  on  the  8th,  began  on  the  7th  in  Vir- 
ofinia  and  North  Carolina,  and  was  most  violent  there " 
{Id.,  vi,  105,  106). 

Some  writers  quote  Lewis  Evans  as  the  first  person  to 
recognize  the  general  movement  of  our  storms.  Thus  in 
Weather  Charts  and  Storm  Warnings  (London,  1876,  p.  80), 
Scott  says :  "  The  earliest  notice  of  it  [the  translation 
of  storms]  which  we  can  discover  is  an  entry  on  a  map  of 
Virginia,  published  in  1747  by  Lewis  Evans,  to  the  effect 
that  all  our  great  storms  begin  to  leeward.  Franklin,  in 
1760,  followed  in  the  same  strain,  but  it  appears  that  his 
-attention  had  been  caught  at  an  earlier  period,  in  1743." 
Evans  was  a  well-known  geographer  of  the  middle  of  the 
last  century,  and  his  "  Map  of  Pensilvania,  New  Jersey, 
New  York,  and  the  three  Delaware  Counties"  (1749)  was 
highly  esteemed.  Following  the  fashion  of  those  early 
days,  certain  parts  of  the  map.  of  whose  topography  the 
author  had  little  information,  were  occupied  with  legends 
explanatory  of  one  matter  or  another ;  and  among  these 
.statements  is  the  following  :  "All  our  great  Storms  begin 
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to  Leeward :  thus  a  NE  Storm  shall  be  a  Day  sooner  in 
Virginia  than  in  Boston.  There  are  generally  remarkable 
changes  in  the  Degree  of  Heat  and  Cold  at  Philadelphia 
every  3  or  5  Days,  but  not  so  often  to  the  Northward.  *  *  * 
Thunder  never  happens,  but  with  Meeting  of  Land  and  Sea 
Clouds.  The  Sea  Clouds  coming  freighted  with  Electricity, 
and  meeting  others  less  so,  the  Equilibrium  is  restored  by 
snaps  of  Lightning;  and  the  more  opposite  the  Winds,  and 
the  larger  and  compacter  the  Clouds,  the  more  dreadful  are 
the  shocks.  The  Sea  Clouds,  thus  suddenly  bereft  of  that 
universal  Element  of  Repellancy,  contract,  and  their  Water 
rushes  down  in  Torrents." 

It  seems  to  me  very  likely  if  not  certain  that  Evans 
learned  all  this  from  Franklin,  and  that  he  wrote  it  on  his 
map  just  as  he  did  any  other  pertinent  information  that  he 
could  gather.  The  two  men  were  both  residents  of  Phila- 
delphia, and  Franklin's  letters  make  such  mention  of  Evans 
that  we  may  be  sure  that  they  knew  each  other  well. 
Franklin  and  Hare  were  publishers  in  1755  of  a  little  pam- 
phlet of  text  that  went  with  a  later  edition  of  Evans'  map, 
on  which,  by  the  way,  the  statement  about  storms  quoted 
above  was  crowded  out  by  new  geographic  matter.  Evans' 
statements  about  thunder-storms  bear  the  clearest  witness 
to  Franklin's  influence.  Writing  to  Collinson  in  1749, 
Franklin  said  :  "  For,  if  an  electrified  cloud,  coming  from 
the  sea,  meets  in  the  air  a  cloud  raised  from  the  land  and 
therefore  not  electrified,  the  first  will  flash  its  fire  into  the 
latter,  and  thereby  both  clouds  shall  be  made  suddenly  to 
deposit  water  "  (7.  c,  v.,  216). 

We  can  hardly  suppose  that  Evans,  who  nowhere  but  on 
the  first  edition  of  his  map  makes  mention  of  the  identity 
of  lightning  and  electricity,  was  an  original  investigator  in 
this  subject ;  and  as  he  evidently  used  Franklin's  ideas  in 
this  matter,  it  is  likely  that  he  did  the  same  with  the  north- 
east storms.  I  do  not  say  this  with  any  idea  of  discrediting 
Evans  ;  he  was  an  able  man,  as  appears  from  his  excellent 
geographic  descriptions,  which  show  an  admirable  percep- 
tion of  the  physical  features  of  our  country. 

Another  of  Franklin's  letters  on  this  subject  was  written 
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in  London,  in  1760,  in  which  the  date  of  the  eclipse  of  the 
moon  by  which  his  attention  was  first  called  to  the  matter 
was  stated  to  be  on  a  Friday  evening  about  9  o'clock  some 
twenty  years  before.  The  precise  date  of  the  eclipse  has 
been  fixed  by  his  great-grandson,  Bache,  who,  taking  this 
letter  as  his  guide,  searched  out  from  a  list  of  lunar  eclipses 
the  one  that  occurred  at  Philadelphia,  on  a  Friday  evening, 
about  9  o'clock,  some  twenty  years  before  1760,  and  found 
that  it  must  have  been  in  1743  (Journal  Franklin  Insti- 
tute, xii,  1833,  300).  It  would  seem  that  both  Bache  and 
Scott  were  not  aware  that  Franklin  had  written  on  the 
subject  before  1760. 

Franklin's  explanation  of  tornadoes  and  water-spouts  also 
deserves  mention  as  illustrating  the  acuteness  of  his  mind. 
One  of  his  correspondents  maintained  that  water-spouts  and 
tornadoes  descended  from  aloft,  a  view  that  still  has  its 
advocates,  though  it  seems  to  me  to  have  no  worthy  founda- 
tion. Franklin  knew  better,  for  he  said  that  the  indraft 
which  characterizes  the  surrounding  air  can  have  no  escape 
save  by  ascent.  He  quotes  the  case  of  three  whalers  lying 
off  Nantucket,  and  in  the  centre  of  the  triangle  that  they 
formed  a  water-spout  arose.  The  three  whalers,  becalmed 
before,  then  all  caught  a  breeze  and  were  carried  toward 
the  spout.  At  the  spout,  the  air  must  therefore  ascend.  No 
contradiction  has  been  given  to  this  line  of  argument  to  the 
present  day.  The  evidence  generally  quoted  on  the  other 
side  is  that  the  funnel  cloud,  which  characterizes  the  tornado 
and  water-spout  alike,  descends  from  the  heavy  clouds  above 
and  strikes  the  earth  or  sea.  But  close  observation  must 
show  the  correctness  of  Franklin's  answer  to  this.  The 
descent  is  only  apparent ;  the  ascending  current  is  cooled 
as  it  enters  the  rarefied  space  at  the  centre  of  the  whirling 
storm,  and  its  invisible  vapor  is  condensed  into  visible 
cloud ;  as  the  intensity  of  the  whirl  increases  toward  the 
ground,  the  cloud  grows  in  a  right  line  downward  faster 
than  its  particles  are  carried  in  a  spiral  line  upward.  Thus 
a  century  and  a  third  ago,  this  ingenious  explanation  was 
correctly  given  for  the  appearance  of  descent  that  has 
deceived  so  many  observers  since  then.    It  is  a  common  thing 


Feb.,  1889. j  Co7itributions  to  Meteorology.  109 

to  read  in  accounts  of  tornadoes  that  the  funnel  descended 
and  struck  the  ground,  destroying  everything  in  its  path. 
This  is  purely  a  deceptive  appearance  ;  there  is  no  descent  at 
all  except  of  the  outline  of  the  cloud  ;  the  wind  is  rising  all 
the  time  as  it  whirls.  Franklin  not  only  clearly  perceived 
this,  but  he  suggested  the  main  cause  of  the  ascent  as  well. 
When  the  lower  air  is  heated,  he  said,  it  becomes  specifically 
lighter  than  the  air  above,  and  it  is  then  in  an  unstable 
equilibrium ;  the  light  lower  air  will  rise  through  the  heavier 
upper  air,  if  it  have  opportunity,  and  in  rising  it  forms  a 
tornado.  This  is  the  fundamental  idea  that  still  lies  at  the 
base  of  all  adequate  theories  of  tornado  origin. 

The  end  of  the  last  century  and  the  early  years  of  this 
one  did  not  witness  any  notable  advances  in  our  science. 
Our  forefathers  were  otherwise  occupied  at  the  time,  and 
may  be  excused  if  they  found  no  leisure  for  the  study  of  the 
weather. 


The  fourth  decade  of  this  century  marks  the  beginning 
of  a  brilliant  period.  Foremost  in  the  names  that  then 
came  to  notice  is  that  of  Redfield.  He  was  a  Connecticut 
Yankee,  and  when  still  a  young  man  in  1821  had  his  atten- 
tion taken  by  a  great  storm  that  traversed  our  northeastern 
states.  He  found,  by  comparing  notes  with  several  random 
observers  that,  while  the  storm  was  blowing  from  the  south- 
west in  southern  Connecticut,  it  was  ■  blowing  from  the 
northeast  in  the  northern  part  of  the  state  ;  furthermore,  that 
it  appeared  sooner  in  the  western  part  of  the  state  than  it 
did  in  the  eastern,  thus  unconsciously  repeating  Franklin's 
discovery.  It  flashed  on  his  mind  that  all  this  could  be 
accounted  for  by  regarding  the  storm  as  a  great  whirl- 
wind, rotating  from  right  to  left  around  an  advancing  centre. 
He  mentioned  the  idea  to  several  friends,  but  soon  dropped 
it,  and  thought  no  more  about  it  till  some  ten  years  later 
his  attention  was  again  brought  to  storms  by  a  severe  one 
that  he  witnessed  in  New  York,  where  he  was  then  living, 
and  by  which  great  damage  was  done  to  the  shipping  that 
sailed  to  and  from  that  growing  port.     He  recalled  the  idea 
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of  the  whirling  storm  of  ten  years  before ;  he  looked  care- 
fully over  all  the  records  that  he  could  procure,  and  the 
result  left  no  doubt  in  his  mind.  An  account  of  his  con- 
clusions was  published  in  Sillimans  Journal  for  that  year. 
We  must  regret  his  deliberation,  for  in  the  ten  years  that 
had  elapsed  since  the  idea  of  the  whirling  storm  first  took 
the  form  in  his  mind,  Dove,  a  celebrated  German  meteor- 
ologist, had  come  to  a  very  similar  conclusion  from  his 
studies  of  the  great  European  storm  of  Christmas  night, 
1 82 1.  His  account  of  it  was  published  in  1828.  Still  earlier, 
in  this  century,  Colonel  Capper,  of  the  East  India  Company, 
had  come  to  the  same  general  conclusion,  but  without 
stating  his  evidence  in  definite  terms.  And  as  far  back  as 
1698,  an  English  Captain  Langford^  spoke  of  the  hurricanes 
of  the  West  Indies  as  "  Whirlwinds."  It  is  somewhat 
doubtful  if  he  really  meant  what  we  do  by  whirlwinds ;  he 
may  have  used  the  term  as  indicating  strength,  rather  than 
circulation.  But  although  later  than  all  these  predecessors, 
to  Redfield  belongs  the  credit  of  demonstrating  what  they 
suggested  in  more  or  less  vague  form.  In  this  he  clearly 
outranks  Dove.  He  must  be  recognized  as  the  leading 
original  investigator  of  the  subject.  His  wide  grasp  of 
the  question  is  illustrated  by  the  following  extracts  from 
his  writings. 

In  his  first  paper  in  1 831,  he  stated  that  all  storms,  and 
not  only  the  violent  equinoctial  hurricanes,  are  great  whirl- 
winds or  revolving  storms,  turning  from  right  to  left  and 
gradually  progressing  northeastward ;  the  winds  increase  in 
violence  toward  the  centre  of  the  whirl,  but  at  the  centre 
there  is  commonly  a  calm ;  the  storms  are  regarded  as 
gyrating  portions  of  the  atmospheric  circulation  in  which 
they  are  carried  along ;  and  the  low  barometric  pressure  at 
their  centre  is  ascribed  to  centrifugal  force,  i  The  practical 
value  of  these  conclusions  in  orivingf  means  of  determining 
the  bearing  and  probable  course  of  the  dangerous  storm 
centre  was  clearly  perceived.  The  omission  of  reference  to 
any  centripetal  acceleration  and  deflective  force,  the  refer- 
ence of  the  origin  of  the  storms  to  eddies  in  the  trade  winds 
caused  by  islands  or  by  conflicting  winds,  and  the  explana- 


Feb.,  1889.]  Co7itributions  to  Meteorology.  •  ill 

tion  of  the  storm  clouds  and  rain  by  the  "  depression  of  the 
cold  stratum  of  the  upper  atmosphere,"  are  the  chief 
deficiencies  of  this  most  remarkable  paper.  But  far  above 
these  omissions  stand  the  correct  statements  which  appear 
so  clearly  in  this  first  essay,  fuU-^rown. 

In  1834,  he  reached  the  fine  generalization  that  "there 
is  reason  to  believe  that  the  great  circuits  of  wind,  of  which 
the  trade  winds  form  an  integral  part,  are  nearly  uniform 
in  all  the  great  oceanic  basins ;  and  that  the  course  of  these 
circuits  and  of  the  stormy  gyrations  which  they  contain,  is, 
in  the  southern  hemisphere,  in  a  counter-direction  to  those 
north  of  the  equator"  {Ajuer.  Jour.  Science,  xxv,  121). 

In  1843,  Redfield  made  explicit  mention  of  the  law  of 
conservation  of  areas  in  accounting  for  the  greater  velocity 
near  the  centre  of  the  tornado  {Anier.  Jour.  Science,  xliii,  272), 
and  in  1846,  he  refers  to  the  same  law  under  another  name 
(equal  areas  in  equal  times),  to  explain  the  greatly  acceler- 
ated velocity  of  rotation  in  the  wind  on  nearing  the  axis  of 
a  storm  [Hurricanes  and  Northers,  87). 

Already  in  1834,  he  had  ascribed  "  the  ordinary  routine 
of  the  winds  and  weather "  in  the  temperate  latitudes  to 
the  passage  of  rotary  storms,  and  the  irregular  variations 
of  the  barometer  are  referred  to  "  the  larger  atmospheric 
eddies"  {Amer.  Jour.  Science,  xxv,  1834,  120,  129).  Again, 
in  1846,  the  greater  variations  of  winter  temperature  are 
shown  to  result  from  the  passage  of  rotar\'  storms,  with 
warm  southerly  winds  in  their  front  and  cold  northerly 
winds  in  their  rear  {hurricanes  and  Northers,  102).  This  is 
the  beginning  of  the  understanding  of  our  "  cold  waves.' 
In  all  his  writings,  Redfield  seems  to  have  had  a  thoroughly 
rational  view  of  the  classification  of  the  stormy  disturbances. 
of  the  general  circulation.  Finally,  under  the  heading, 
"  What  are  Cyclones?"  he  wrote  in  1854,  "  The  term  cyclone 
was  first  proposed  by  Mr.  Piddington  to  designate  any  con- 
siderable extent  or  area  of  wind  which  exhibits  a  turning 
or  revolving  motion,  without  regard  to  its  varying  velocity 
or  to  the  different  names  which  are  often  applied  to  such 
winds.  *  *  *  Thus,  all  hurricanes  or  violent  storms 
may  perhaps  be  considered  as  cyclones  or  revolving  winds. 


1 12  Davis  :  (  j.  F.  I,, 

But  it  by  no  means  follows  that  all  cyclones  are  either 
hurricanes,  gales  or  storms.  The  word  is  not  designed  to 
express  the  degree  of  activity  or  force  which  may  be  mani- 
fested in  the  moving  disc  or  stratum  of  rotating  atmosphere 
to  which  it  is  applied.  It  often  designates  light  and  feeble 
winds,    as   well    as   those   which    are    strong   and   violent. 

*  *  *  The  more  inert  and  passive  cyclones  which  seldom 
gain  attention,  but  which  constantly  occupy  in  their  transit 
the  greater  portion  of  the  earth's  surface,  appear  to  move 
in  orbits  or  courses  corresponding  with  those  of  the  more 
active  class  which  have  been  traced  on  the  storm  charts. 

*  *  *  In  a  broad  view  of  the  case,  the  constant  occur- 
rence and  progression  of  the  cyclones  in  various  degrees  of 
activity  constitutes  the  normal  condition  of  the  inferior  or 
wind  stratum  of  the  atmosphere,  at  least  in  the  regions 
exterior  to  the  trade  winds  of  the  globe"  (Aincr.  Jour. 
Science,  xviii,  1854,  188,  189).  This  has  always  seemed  to 
me  a  truly  sagacious  paragraph.  The  generalizations  here 
announced  were  overlooked  or  disputed  by  many  European 
writers,  and  were  never  admitted  by  Dove,  who  after  making 
a  brilliant  beginning  as  a  competitor  of  Redfield's,  after- 
ward failed  to  keep  pace  with  him  on  this  subject.  But 
Redfield's  ideas,  although  not  known  as  his,  gained  more 
and  more  general  currency  from  the  time  of  the  first  publi- 
cation of  weather  maps  in  France  in  1864,  when  the  essen- 
tial points  of  his  views  as  to  the  cyclonic  control  of  weather 
were  revived  and  extended  by  Marie-Davy. 

When  Redfield  began  his  studies,  he  said  simply  that 
storms  were  rotary  winds,  without  defining  precisely  what 
he  meant  by  that  term.  The  natural  meaning  of  it  was 
that  the  storm  winds  ran  round  in  circles.  Partly  from  his 
own  studies,  and  probably  in  greater  part  by  reason  of  the 
discussions  that  Espy  aroused,  Redfield  soon  made  more 
precise  statements  in  this  matter.  After  the  first  paper  of 
1 83 1,  in  which  the  diagram  showed  circular  winds,  a  chart 
dated  1835,  published  in  1837,  contains  diagrams  which 
indicate  the  spiral  course  of  the  winds,  now  generally  recog- 
nized, but  the  text  •  implies  only  horizontal  circuits.  In 
1839,  ^^  wrote,  "  in  the  most  violent  of  these  storms,  it  is  at 
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least  probable  if  not  certain,  that  the  course  of  the  surface 
wind  is  spirally  inward,  approximating  gradually  toward 
the  centre  of  the  storrd  "  (xxxv,  204).  Finally,  in  1846,  we 
come  upon  the  often-quoted  passage,  here  again  repeated. 
"When,  in  1830,  I  first  attempted  to  establish  by  direct 
evidence  the  rotative  character  of  gales  or  tempests,  I  had 
only  to  encounter  the  then  prevailing  idea  of  a  general 
rectilinear  movement  in  these  winds.  He^ce  I  have  deemed 
it  sufficient  to  describe  the  rotation  in  general  terms,  not 
doubting  that  on  different  sides  of  a  rotary  storm,  might  be 
found  any  course  of  wind  from  the  rotative  to  the  recti- 
linear. But  I  have  never  been  able  to  conceive  that  the 
wind  in  violent  storms  moves  only  in  circles.  On  the  con- 
trary, a  vertical  movement  approaching  to  that  which  may 
be  seen  in  all  lesser  vortices,  aerial  or  aqueous,  appears  to 
be  an  essential  element  of  their  violent  and  long-continued 
action,  of  their  increased  energy  toward  the  centre  or  axis 
and  of  the  accompanying  rain.  In  conformity  with  this 
view,  the  storm  figure  on  my  chart  of  the  storm  of  1830  [to 
which  reference  is  made  above],  was  directed  to  be  engraved 
in  spiral  or  involute  lines,  but  this  point  was  yielded  for  the 
convenience  of  the  engraver.  The  common  idea  of  rotation 
in  circles,  however,  is  sufhciently  correct  for  practical  pur- 
poses and  for  the  construction  of  diagrams,  whether  for  the 
use  of  mariners  or  for  determining  between  a  general  recti- 
linear wind  on  the  one  hand  or  the  lately  alleged  centripetal 
winds  on  the  other.  The  degree  of  vorticular  inclination  in 
violent  storms  must  be  subject  locally  to  great  variations; 
but  it  is  not  probable  that  on  an  average  of  the  different 
sides,  it  ever  comes  near  to  45°  from  the  tangent  to  a 
circle,  and  that  such  average  inclination  ever  exceeds  two 
points  of  the  compass,  may  well  be  doubted  "  {Hurricanes 
and  Northers,  1846,  16). 

At  a  little  earlier  date,  he  wrote,  "  In  most  gales  of  wind 
there  is,  probably,  a  subordinate  motion,  inclining  gradually 
downward  and  inward  in  the  circumjacent  air,  and  in  the 
lower  portions  of  the  gale ;  and  a  like  degree  of  motion, 
spirally  upward  and  outward,  in  the  central  and  higher  por- 
tions of  the  storm.  This  slight  vorticular  movement  is 
Whole   No.  Vol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  8 
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believed  to  contribute  largely  to  the  clouds  and  rain  which 
usually  accompany  a  storm  or  gale,  and  is  probably  due,  in 
part,  to  the  excess  of  external  atmospheric  pressure  on  the 
outward  portions  of  the  revolving  storm  "  {Trans.  Amer. 
Phil.  Soc,  viii,  1843,  79)- 

The  effect  of  another's  teaching  is  clearly  seen  here,  and 
to  him  we  now  turn  our  attention. 


Contemporary  with  Redfield  was  Espy,  as  original  in  his 
line  of  work,  but  following  very  different  methods.  Espy 
was  a  theorizer ;  his  work  was  largely  deductive,  and  his 
writings  contain  continued  mention  of  his  theories.  His 
style  is  positive  and  aggressive :  "  I  do  not  submit  to 
authority,"  he  said.  Although  not  always  right,  he  had  an 
extraordinarily  clear  insight  into  certain  processes  which  had 
been  but  little  understood  by  his  predecessors ;  many  of  his 
contributions  still  hold  their  place  in  our  science  ;  some 
have  even  been  independently  rediscovered,  and  have 
given  high  credit  to  their  new  advocates,  after  Espy's  share 
in  their  announcement  had  been  forgotten. 

The  central  idea  that  dominated  all  Espy's  work  was 
the  change  of  temperature  that  is  produced  in  the  ascend- 
ing or  descending  members  of  a  convectional  circula- 
tion. The  idea  of  convectional  circulation  had  long 
been  stated  ;  we  have  already  met  an  illustration  of  it- 
in  Franklin's  explanation  of  tornadoes.  Espy  took  this 
up,  enlarged  and  extended  it  almost  to  its  modern 
development.  Especially  in  connection  with  the  changes 
of  temperature  in  bodies  of  moist  air  were  his  theories 
of  novelty  and  value  ;  his  quantitative  estimates  of 
certain  processes  was  exaggerated  at  first,  but  approached 
accuracy  later  on.  He  ascribes  the  beginning  of  his 
advance  to  the  time  when  it  occurred  to  him  to  calculate 
the  effect  which  the  evolution  of  latent  heat  produces  during 
the  formation  of  cloud.  "  The  result  was  an  instantaneous 
transition  from  darkness  to  light.  The  moment  I  saw  that 
a  rapidly  forming  cloud  is  specifically  lighter  in  proportion 
as  it  becomes  darker,  a  thousand  contradictions  vanished, 
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and  numerous  facts,  '  a  rude  and  undigested  mass,'  which 
had  been  stowed  away  in  the  secret  recesses  of  my  memory 
presented  themselves  spontaneously  to  my  delighted  mind, 
as  a  harmonious  system  of  fair  proportion."  This  is  from 
the  preface  of  his  PJiilosopIiy  of  Storms  (iv),  published  in 
1841  ;  on  the  same  page  he  recommends  his  readers  to 
dwell  on  the  synopsis  that  follows,  it  being  the  essence  of 
his  theories,  in  form  prepared  for  presentation  to  the  British 
Association  the  year  before. 

Many  a  modern  observer  of  the  weather  would  profit  by 
following  this  recommendation.  Indeed,  the  statements 
lately  made  by  Dr.  Julius  Hann,  of  Vienna,  the  leading 
meteorologist  of  Europe  to-day,  is  strong  testimony  to  the 
value  of  Espy's  work ;  he  says  :  "  When  several  years  ago 
(188 1)  I  first  *  *  *  read  Espy's  works  over  more 
carefully,  I  saw  to  my  astonishment  that  this  eminent 
meteorologist,  who  has  never  been  appreciated  in  propor- 
tion to  his  services,  had  announced  a  great  number  of  those 
principles  which  we  are  now  accustomed  to  consider  as 
acquisitions  of  the  so-called  modern  meteorology;  and  this 
not  as  casual  suggestions,  which  under  scientific  criticism 
have  hardly  any  value,  but  as  the  results  of  correct  physical 
theory,  tested  by  observations "  {Meteorol.  Zeitschrift,  ii, 
1885,   393). 

{To  be  continued.) 
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TECHNICAL   ITEMS   of   INTEREST. 


{Abstract  from  the  Report  of  the  Secretary,  presented  at  the  Annual  Meeting 
of  the  Institute,  held  Wednesday,  fanuary  i6,  iSSgJ] 

Measured  by  the  volume  of  commercial  operations,  and  by  t'  e  degree 
of  activity  that  prevailed  in  nearly  all  branches  of  the  manufacturing  indus- 
tries, the  year  iS88  may  be  reckoned  a  fairly  prosperous  one.  As  compared 
with  the  previous  two  years,  however,  the  figures  of  production  of  our  iron 
and  steel  industries  exhibit  a  decrease,  although  in  the  aggregate  the  volume 
of  production  is  high,  and  the  fact  that  our  output  of  coal  in  1888  was  the 
largest  in  our  history  is  satisfactory  evidence  of  general  prosperity. 

As  has  been  our  custom  in  former  annual  reviews,  we  shall  rely  for  the  facts 
and  figures  respecting  the  American  iron  trade,  upon  data  collected  and 
arranged  by  Mr.  Swank,  the  able  statistician  of  the  American  Iron  and  Steel 
Association,  and  from  the  brief  summary  which  he  has  made  public  in  the 
Association's  Bulletin,  the  following  facts  and  comments  are  taken. 

"  The  past  year  has  been  one  of  lessened  activity  in  the  iron  trade  of  this 
country  as  compared  with  1887,  but  if  mere  production  be  considered  it  will 
be  found,  with  one  important  exception,  to  have  been  fully  as  active  a  year 
as  1886,  which  was  the  most  productive  year  in  our  iron  history.  Both  1886 
and  1887  were  booming  years  for  the  American  iron  trade,  but  the  latter  was 
not  only  more  productive  than  the  former,  but  it  was  also  a  more  prosperous 
year. 

"Our   total   production  of  pig  iron  in   1886  was  5,683,329  gross  tons;  in 

1887  it  was  6,417,148  tons  ;  in  1888  it  has  been  the  largest  in  our  history  and 
is  probably  about  6,500,000  gross  tons.  A  decrease  in  1888  was  made  in 
the  output  of  Bessemer  pig  iron.  The  total  production  of  steel  rails  in  1888  by 
the  American  Bessemer  works  was  1,528,057  net  tons,  or  1,364,337  gross  tons, 
against  2,290,197  net  tons,  or  2,044,819  gross  tons,  in   1887 — a  decrease  in 

1888  of  640,482  gross  tons,  a  shrinkage  which  is  greater  than  our  total  pro- 
duction of  steel  rails  in  1879,  when  610,682  gross  tons  were  made.  The 
decreased  production  of  1888,  as  compared  with  the  production  of  1887,  was 
almost  exactly  thirty -three  and  one-third  per  cent.  The  production  in  the 
last  half  of  1888  was  less  than  in  the  first  half.  The  consumption  of  steel 
rails  in  1888  was  fully  750,000  gross  tons  less  than  in  1887,  the  imports  in 
1888  having  declined  about  77,000  tons  as  compared  with  1887.  In  1887  they 
amounted  to  137,588  gross  tons,  and  in  i888  to  about  60,000  gross  tons. 

"  In  the  production  of  bar  iron  and  plate  and  sheet  iron,  and  in  the  aggre- 
gate production  of  cut  and  wire  nails,  the  figures  for  1888  will  not  vary 
greatly  frorh  those  for  1886,  while  our  production  of  structural  iron  and  steel 
was  greater  in  1888  than  in  1886  and  probably  greater  than  in  1887.  This 
country  has  in  late  years  developed  a  large  demand  for  iron  and  steel  for  all 
structural  purposes,  particularly  in  the  erection  of  public  buildings. 
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"  The  consumption  of  iron  and  steel  in  the  United  States  in  1888  was 
much  less  than  the  estimated  figures  of  production  which  we  have  given 
would  indicate.  While  our  importations  of  iron  and  steel  in  1888  were  nearly, 
if  not  altogether,  950,000  gross  tons,  they  nevertheless  fell  far  below  the 
importations  of  1887,  which  reached  the  enormous  aggregate  of  1,783,251 
tons.  With  reduced  production  and  reduced  importations  of  iron  and  steel, 
exact  figures  for  neither  of  which  will  for  some  time  be  accessible,  we  have 
estimated  from  such  data  as  are  at  hand,  that  our  consumption  of  pig  iron  in 
1888  has  fallen  fully  600,000  tons,  as  compared  with  1887,  and  our  consump- 
tion of  steel  rails  about  800,000  tons. 

"Among  the  industries  which  consume  iron  and  steel  the  building  of  loco- 
motives and  railroad  cars  of  all  kinds  has  been  very  active  all  through  1888. 

"  The  principal  cause  of  the  decline  in  prices  in  1888,  which  commenced  in 
1887,  and  of  the  great  decline  in  the  production  of  steel  rails,  was  the  reaction 
in  the  building  of  new  railroads  which  set  in  in  1887. 

"  Although  the  manufacturers  of  structural  iron  and  steel  of  a  few  other 
-specialties  were  fairly  prosperous  in  1888,  it  will  be  seen  from  the  exact 
figures  and  the  estimates  we  have  given  that  the  year  was  one  of  lessened 
production  and  exceedingly  low  prices  for  our  iron  and  steel  manufacturers 
generally.  Take  it  all  in  all  it  was  not  a  prosperous  year  for  the  American 
iron  trade." 


The  Production  of  Pennsylvania  anthracite  coal  during  the  past  year 
reached  the  unparalleled  figures  of  38,400,000  gross  tons,  as  compared  with 
34,641,017  tons  in  1887,  which,  up  to  that  time,  was  the  largest  output  in  the 
history  of  that  important  industry.  The  increase  in  1888  was  over  ten  per 
cent.  At  the  present  writing,  the  exact  figures  of  production  of  the  other 
varieties  of  coal  are  not  accessible,  but  the  unusually  active  condition  of 
manufacturing  in  the,Southern  States  will  certainly  more  than  make  up  for 
any  falling  off  in  the  consumption  in  other  sections,  and  the  figures  may  be 
expected  to  reach  80,000,000  tons.  In  the  figures  representing  our  mineral 
industries,  other  than  coal  and  iron,  I  shall,  as  heretofore,  glean  the  data 
from  the  annual  reports  of  the  Engineering  and  Mining  Journal,  which 
summarizes  the  subject  in  the  following  terms  : 

The  year  just  closed  has  been  a  very  eventful  as  well  as  a  very  prosper- 
ous one  to  the  mineral  industries.  The  value  of  the  mineral  products,  which 
in  1887  (including  coal  and  iron)  amounted  to  the  enormous  total  of  $542, 284,- 
225,  was  still  further  increased  in  nearly  every  item  in  1888,  when  it  undoubt- 
edly exceeded  $550,000,000,  or  more  than  the  aggregate  value  of  the  mineral 
products  of  all  European  countries. 

Production. 

Iron  ore  'tons  of  2,240  pounds) 11,400,000 

Copper.     Pounds 236,000,000 

Lead  (tons  of  2,000  pounds), 189,000 

Zinc  (tons  ol  2,ood  pounds), 57,ooo 

Silver       Troyources 43,000,000 

Coining  value.  Ji  29  per  ounce 555i47°.°oo 

Gold.     Troy  ounces, 1,650,000 

Coining  value,  J20.67  per  ounce,      J34, '05,500 
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An  examination  of  the  statistics  of  railway  construction,  during  the  past 
year,  will  disclose  the  explanation  of  the  decided  falling  off  in  the  output  of 
the  Bessemer  works.  The  Railway  Aoe,  which  has  excellent  facilities  for 
obtaining  valuable  data  on  this  point,  estimates  that  the  railway  mileage  of 
the  country  has  increased  during  the  past  year  by  7,120  miles.  While  this  is 
much  less  than  the  phenomenal  increase  in  the  years  1887,  1886,  1882  and 
1881,  when  the  new  mileage  was  respectively  13,080,  8,9^9,  11,568  and  9,796 
miles,  the  record  for  the  past  year,  nevertheless,  exceeds  that  of  every  other 
year  in  the  history  of  the  country,  with  the  further  exception  of  the  year  1871, 
when  7  379  miles  were  added.  As  has  been  the  case  for  several  years, 
Kansas  heads  the  list  of  states  in  the  amount  of  new  railway  constructed 
within  her  borders.  From  the  same  source  above-named,  we  are  informed 
that  in  the  last  three  years  about  4,400  miles  of  railway  have  been  built  in 
this  single  state.  Taken  by  geographical  groups,  it  appears  that  the  twelve 
states  of  the  Southern  group  lead  with  2,074  niiles,  or  nearly  thirty  per  cent,  of 
the  entire  new  mileage  ;  the  ten  great  Southwestern  States  and  Territories  come 
next  with  1,675  rniles  ;  the  seven  Pacific  Coast  States  and  Territories  show 
1,055  miles  ;  the  five  rich  and  populous  states  of  the  Central  Northern  group 
follow  close  with  1,030  miles;  the  six  immense  states  and  territories  of  the 
Northwest  add  only  834  miles;  while  all  New  England  and  the  neighboring 
Eastern  States  contribute  but  452  miles. 

There  were  obvious  signs,  toward  the  close  of  the  year  1887,  that  the 
culmination  of  the  period  of  rapid  railway  expansion,  which  began  to  make 
itself  manifest  in  1885,  had  been  reached,  and  that  the  year  1888  would 
exhibit  a  marked  decrease.  The  fact  that  the  greater  portion  of  the  new 
mileage  of  1888  was  built  in  the  first  half  of  the  year,  makes  it  very  evi- 
dent that  much  of  the  work  represented  the  completion  of  contracts  entered 
into  prior  to  the  beginning  of  the  year.  The  present  prospects  of  the  rail- 
ways are  by  no  means  favorable  to  the  investment  of  capital  in  the  construc- 
tion of  new  lines,  and  we  anticipate  that  the  figures  for  the  current  year  will 
exhibit  a  further  shrinkage  in  amount. 


In  the  field  of  engineering,  the  notable  event  of  the  past  year  was 
the  collapse  of  the  Panama  Canal  project,  by  reason  of  the  financial  failure 
of  the  company.  This  event  had  long  been  looked  for,  and  its  happening, 
therefore,  was  in  a  measure  prepared  for,  and  created,  consequently,  less 
disturbance  than  many  anticipated.  The  failure  will  undoubtedly  cause 
great  distress,  and  its  worst  results  may  not  be  immediately  apparent.  What 
will  be  the  ultimate  fate  of  this  ill-considered  and  wofully-mismanaged 
enterprise  it  is  at  present  quite  impossible  to  foresee,  since  its  prosecution  by 
a  new  management  seems  to  be  surrounded  by  serious  complications. 

One  of  the  oldest  engineering  projects  in  the  world  is  now  gradually 
approaching  completion,  and  the  work  will  probably  be  finished  during  the 
present  year.  This  is  the  canal  through  the  Isthmus  of  Corinth,  in  Greece, 
to  which  we  have  several  times  made  reference  in  our  annual  reviews.     This 
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work  was  first  planned  some  twenty-  five  years  ago,  and  work  was  actually  begun 
under  the  Emperor  Nero,  so  that  over  1,700  years  will  have  passed  between 
its  beginning  and  its  final  completion.  As  finally  excavated,  the  canal  will  be 
four  miles  long,  with  a  depth  of  eight  metres,  or  sufficient  for  the  largest 
vessels  which  usually  navigate  the  adjacent  seas.  The  total  cost  of  the  canal 
will  be  about  $9,000,000,  or  $4,000,000  more  than  the  original  estimate.  The 
work,  it  is  stated,  has  been  very  substantially  done,  and  the  rost  of  main- 
tenance will  probably  be  very  light.  It  has  been  carried  out  under  the  direc- 
tion of  French  engineers. 

Work  on  the  Manchester  Canal,  referred  to  in  last  year's  summary,  has 
been  vigorously  prosecuted.  From  the  latest  accounts  of  it  given  in  the 
English  technical  papers,  it  appears  that  there  are  employed  upon  it  8,568 
men  and  boys,  51  steam  navvies,  98  locomotives,  49  steam  cranes,  3,221 
wagons,  and  104  pumping  and  other  engines. 

Work  upon  the  vast  structure  which  will  bridge  the  Firth  of  Forth  is  being 
rapidly  pushed,  and  its  completion  may  shortly  be  looked  for.  As  this  will 
be  by  far  the  largest  engineering  work  of  its  kind,  a  specification  of  its  dimen- 
sions may  not  be  out  of  place  as  a  matter  of  record  :  The  total  length  of  the 
viaduct  will  be  8,296  feet,  or  nearly  one  and  five-eighths  miles,  and  there  are 
two  spans  of  1,710  feet,  two  of  680  feet,  fifteen  of  168  feet  girders,  four  of  fifty- 
seven  feet,  and  three  of  twenty-five  feet,  being  masonry  arches.  The  clear 
headway  for  navigation  will  be  not  less  than  150  feet  for  500  feet  in  the  centre 
of  the  1,710  feet  span.  The  extreme  height  of  the  structure  will  be  361  feet 
above  the  extreme  depth  of  foundations,  ninety-one  feet  below  the  level 
of  the  water.  The  main  piers,  three  in  number,  consist  each  of  a  group  of 
four  masonry  columns  faced  by  granite  49  feet  in  diameter  at  the  top,  and  36 
feet  high,  which  rest  either  on  the  solid  rock  or  concrete  carried  down  in 
some  cases  by  means  of  caissons  of  a  maximum  diameter  of  70  feet  to  the 
rock  or  boulder  clay,  which  is  almost  of  equal  solidity.  The  rolling  load  has 
been  taken  as  one  ton  per  foot  run  on  each  line  of  rails.  The  wind  pressure 
provided  for  is  fifty-six  pounds  per  square  foot,  the  total  amount  on  the  main 
spans  being  estimated  at  nearly  8,ooo  tons.  The  material  used  throughout 
is  open-hearth  or  Siemens-Martin  steel.  The  superstructure  of  the  main 
spans  is  made  up  of  three  enormous  double  cantilevers  resting  on  the  three 
piers  mentioned.  Those  on  the  shore  side  are  1,505  feet,  and  that  on  Inch- 
garvie  1,620  feet  in  length. 

The  past  year  witnessed  the  actual  completion  and  opening  to  traffic  of 
the  great  bridge  over  the  Hudson  at  Poughkeepsie,  certain  details  respecting 
which  were  included  in  our  summary  of  the  events  of  1887.  The  opening  of 
this  new  highway  is  regarded  as  an  event  of  much  importance  to  the  tr.\ns- 
portation  interests  of  the  country,  since  it  constitutes  the  connecting  link 
connecting  the  railroad  systems  of  New  England  with  those  tapping  the 
coal  field  of  Pennsylvania. 

An  important  iron  railway  bridge,  of  the  Pratt  truss  type,  constructed  for 
the  Chicago  and  Northwestern  Railroad,  over  the  Missouri  River  at  Sioux 
City,  was  opened  for  traffic  during  the  past  year,  making  the  seventeenth 
bridge  structure  crossing  this  river. 
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A  gre.it  scheme  for  the  irrigation  of  the  arid  lands  of  the  West,  lying 
between  the  Rocky  Mountains  and  the  Missouri  River,  has  been  proposed  by 
Major  Powell,  Director  of  the  United  States  Geological  Survey.  There  are 
several  hundred  thousand  square  miles  of  territory  embraced  in  this  region, 
which  are  now  entirely  unfit  for  cultivation.  The  plan  involves  the  construc- 
tion of  great  dams  in  the  caiions  of  the  rivers  of  the  region  at  suitable  points 
near  the  head  waters,  sufficiently  strong  to  resist  the  flood  waters  of  spring, 
behind  which  vast  volumes  of  water  could  be  impounded,  and,  by  means  of 
aqueducts,  canals,  etc.,  etc.,  distributed  over  the  entire  region  as  it  would  be 
needed.  All  that  is  needed  to  render  these  vast  tracts  fruitful  is  the  moisture 
now  lacking,  and  the  plan  presents  magnificent  possibilities.  The  Director 
believes  that,  by  the  intelligent  application  of  his  plans,  not  less  than  150,000 
square  miles  of  now  desert  land  could  be  made  productive — thus  increasing 
one-third  the  agricultural  land  of  the  country,  which  at  present  amounts  to 
300,000  square  miles.  Congress  has  granted  an  appropriation  for  the 
expenses  of  the  preliminary  surveys,  and  the  practicability  of  the  project 
will   shortly  be  determined. 

The  project  for  an  interoceanic  canal  across  Nicaragua  is  in  the  hands  of 
an  American  company  owning  valuable  concessions  from  the  Central 
American  States,  through  whose  territory  the  selected  route  will  pass,  and 
the  prospects  at  the  present  time  for  the  early  commencement  of  the  work  of 
construction  are  good.  The  surveying  expedition  sent  down  during  the  past 
year  succeeded  in  locating  an  exceedingly  favorable  route,  by  which  the 
actual  amount  of  canalization  will  be  reduced  from  forty  miles  (the  estimate 
of  the  plan  of  1885)  to  about  twenty-eight  miles.  The  company  at  this  writ- 
ing is  awaiting  the  action  of  Congress  in  the  matter  of  its  application  for  a 
national  charter,  respecting  the  grant  of  which,  since  no  financial  support  is 
asked  for,  there  should  seem  to  be  no  room  for  objection.  The  estimated 
cost  of  this  enterprise  is  placed  at  $50,000,000,  and  the  time  required  for  com- 
pletion five  years. 

Plans  are  said  to  have  been  perfected  for  the  construction  of  a  great  sus- . 
pension  bridge  to  span  the  Hudson  River  from  Anthony's  Nose  (just  above 
Peekskill,  and  south  of  the  Highlands),  on  the  east,  to  Fort  Clinton  on  the 
west  bank.  The  project  is  said  to  contemplate  a  single  span  of  1,620  feet, 
and  the  total  length  of  the  structure,  including  the  approaches,  will  be  2,850 
feet.  The  structure  will  leave  a  clear  headway  for  navigation  of  163  feet.  It 
will  have  a  double  track  for  railway,  and  a  roadway  for  vehicles  and  foot 
passengers  beneath.  Like  the  Poughkeepsie  Bridge,  this  one  is  projected  in 
the  interest  of  a  number  of  railways,  for  which  it  will  establish  important 
connections. 


In  the  Field  of  Electricity,  the  year  just  past  has  witnessed  sub- 
stantial progress  in  several  directions.  In  electric  lighting  no  remarkable 
inventions  may  be  noted,  and  the  news  of  the  year  may  be  summed  up  in 
the  statement  that  the  introduction  of  the  electric   systems  of  lighting  con- 
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tinued  steadily,  as  has  been  the  case  for  a  number  of  years,  until  to-day,  as 
one  of  the  electrical  journals  affirms,  it  is  doubtful  whether  there  is  a  city  of 
15,000  inhabitants  east  of  the  Mississippi  which  does  not  contain  an  electric 
lighting  station. 

In  reference  to  the  telephone,  it  may  be  noted  that  the  long-distance  lines 
have  been  considerably  extended,  and  that  the  system  has  fully  established 
its  usefulness,  having  grown  greatly  in  popular  favor.  The  high  quality  of 
work  for  the  proper  working  of  the  long-distance  lines  was  signally  shown 
during  the  time  of  the  great  "blizzard"  of  March,  1888,  when  they  proved 
to  be  the  only  lines  that  were  not  disabled  by  the  effects  of  the  storm,  and 
afforded  for  several  days  the  only  means  of  communication  between  several 
of  the  chief  cities  of  the  country,  which,  but  for  them,  would  have  been 
completely  cut  off  from  intercourse  with  the  outer  world. 

In  telegraphy  there  is  nothing  to  record  of  special  interest,  save,  perhaps, 
the  fact  that  the  system  of  train  telegraphy,  devised  by  Phelps,  Edison  and 
others,  and  which  was  first  introduced  as  a  practical  working  system  on  the 
Lehigh  Valley  Railroad,  has  fully  demonstrated  its  utility,  and  is  now  in  daily 
use  on  that  road. 

There  has  been  decided  progress  in  the  introduction  of  electric  motive 
power.  This  was  exhibited  not  only  by  the  adoption  of  the  electric  system  for 
street  railways  in  cities,  but  in  the  growing  employment  of  the  electric  motor 
for  general  industrial  uses.  Specially  noteworthy  is  the  favor  with  which  the 
electric  motor  has  been  received  in  the  great  mineral  regions  of  our  Western 
country,  where  it  has  been  applied  with  most  encouraging  results  to  the  work 
of  drilling,  pumping,  transportation,  hoisting,  etc.,  in  the  mines.  In  many 
cases,  water-power,  transmitted  electrically  over  considerable  distances,  is 
utilized  to  operate  these  motors.  The  ease  with  which  water-power,  other- 
wise unavailable  because  of  its  inaccessibility  by  other  methods,  may  thus 
be  utilized  and  transmitted  to  any  desired  point  within  reasonable  distances, 
promises  most  important  practical  results.  In  the  development  and  applica- 
tion of  the  electric  motor,  we  appear  to  have  made  much  more  progress  than 
has  been  made  in  Europe,  where  comparatively  little  has  been  made. 

As  an  item  of  interest,  allusion  should  be  made  to  the  action  of  the  Legis- 
lative Commission  of  the  State  of  New  York  in  recommending  that  criminals 
under  capital  sentence  should  be  put  to  death  by  the  agency  of  electricity. 
This  recommendation  was  duly  approved  by  the  law-making  powers,  and 
goes  into  effect  from  the  beginning  of  the  present  year.  The  subject  has 
excited  considerable  discussion  as  to  whether  the  direct  or  the  alternating 
current  would  answer  the  purpose  most  effectively.  Thus  far  there  has  been 
no  opportunity  of  testing  the  question. 


In  the  field  of  electro-metilhtrgy  there  was  great  activity,  and  sub- 
stantial progress  in  certain  directions  was  shown.  The  electric-smelting 
process  of  the  Cowles  Brothers  has  firmly  established  its  value  in  the  metal- 
lurgical arts,  and,  thanks  to  it,  the  engineering  world  is  now  able  to  com- 
mand the  valuable  alloys  of  aluminium  and  silicon  at  a  price  low   enough  to 
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permit  of  their  extensive  employment  in  the  constructive  arts.  During  the 
past  year,  a  plant  for  operating  the  Cowles  process  on  a  large  scale  was 
completed  and  put  in  operation  in  England. 

The  Herault  process,  for  producing  aluminium  alloys  by  an  electrical 
reduction  process,  vi^hich  presents  some  points  of  similarity  to  that  of  the 
Cowles  Brothers,  was  put  in  operation  on  a  commercial  scale  during  the  past 
year  in  Switzerland.  The  process  in  question  differs  from  that  of  the  Cowles 
in  some  important  details  of  the  apparatus  employed,  and  also,  it  is  affirmed, 
in  respect  of  the  principle  of  the  method  itself,  though  on  this  last  point  it 
would  be  prudent  to. suspend  judgment.  The  rationale  of  the  operation 
going  on  in  the  Cowles  furnace  is  involved  in  some  doubt,  and  it  cannot  be 
said  with  certainty  whether  the  reduction  of  the  ores  is  effected  by  electrol- 
ysis, or  simply  by  the  prodigiously  high  heat  generated  by  the  passage 
of  the  powerful  electric  currents  through  a  conducting  medium  of  high 
resistance ;  or  whether  both  of  these  operaMons  are  involved.  The  state- 
ment that  the  Cowles  process  can  be  operated  as  well  by  an  alternating 
current  as  by  a  direct  current,  has  been  urged  as  indicating  that  electrolysis 
played,  at  most,  only  a  subordinate  part  in  the  operation  ;  but  in  the  light  of 
recent  observations,  this  argument  may  prove  a  fallacious  one.  The  Herault 
process,  however,  is  strictly  an  electrolytic  one,  as  will  appear  from  the  fol- 
lowing concise  account :  The  electric  current  is  employed  to  fuse  the  metal 
with  which  the  aluminium  is  to  be  alloyed,  and  to  separate  the  aluminium  by 
electrolysis  of  alumina  in  a  molten  state.  The  metal,  copper,  for  the  pro- 
duction of  aluminium-bronze,  is  introduced  in  a  divided  state  into  a  crucible 
formed  of  conducting  carbon,  suitably  strengthened  by  external  casing  of 
metal,  this  crucible  forming  the  negative  pole  of  the  electrolyzing  bath,  the 
positive  pole  being  composed  of  a  bundle  of  carbon  plates.  After  the  copper 
is  fused,  alumina  is  introduced  into  the  crucible,  (vhere  it  is  fused  and  elec- 
trolyzed,  the  oxygen  passing  off  at  the  positive  pole,  and  the  aluminium  at 
the  negative,  and  there  uniting  with  the  fused  copper  ;  the  process  is  thus 
continuous,  the  fused  alloy  being  drawn  off  by  means  of  a  plugged  hole  at 
the  bottom  of  the  crucible,  and  fresh  copper  and  alumina  being  introduced 
by  suitable  openings  in  the  cover  of  the  crucible  as  required.  This  process 
is  said  to  be  operated  on  a  large  scale. 

Worthy  of  notice  in  this  place  also,  is  the  process  of  Watt,  for  refining 
impure  zinc  by  electrolysis  and  for  reducing  the  metal  from  its  ores  by  elec- 
trical deposition  ;  and  that  of  Mobius  forjrefining  argentiferous  matter,  which 
the  reader  will  find  fully  described  in  the  technical  journals. 

A  most  interesting  application  of  electrolysis  is  the  process  devised  by 
Elmore,  and  put  in  operation  last  year  in  England,  for  the  production  of 
copper  pipes  by  electro-deposition.  By  this  process,  seamless  copper  pipes, 
of  any  diameter,  length  and  thickness  are  formed  by  depositing  the  metal 
electrolytically  from  a  bath  of  acidified  sulphate  of  copper,  upon  a  mandrel. 
This  mandrel  is  continuously  rotated  at  a  uniform  rate,  and  the  spongy  copper 
deposited  thereon  is  consolidated  by  the  ingenious  expedient  of  causing  a 
burnisher,  formed  of  a  piece  of  smooth  agate,  to  travel  along  the  entire 
length    of  the   mandrel   backward  and  forward.     By  this  means,  the  pipe 
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formed  on  the  revolving  mandrel  is  quite  homogeneous,  and  the  copper  of 
which  it  is  formed  exhibits  a  remarkably  uniform  tensile  strength  of  about 
twenty-two  and  three-fourths  tons  tensile  strength  per  square  inch  section, 
no  matter  in  which  direction,  longitudinally  or  transversely  to  the  tube,  the 
test  be  made.  Lately,  Mr.  Elmore  has  devised  a  simple  and  ingenious 
method  of  producing  a  wire  from  these  electrically-formed  tubes,  by  cutting 
therefrom  spirally,  an  endless,  slender  rod  of  square  section,  which  is  drawn 
down  to  any  desired  gauge.  The  advantage  of  this  method  lies  in  the  fact 
that  it  avoids  the  necessity  of  melting  the  metal,  by  which,  as  electricians  are 
aware,  the  conductivity  of  electrically-deposited  coppy  is  notably  diminished. 
Substantial  progress  was  made  during  the  year  by  the  construction  of 
special  machines,  and  by  otherwise  improving  the  details  of  the  operation, 
in  adapting  the  process  of  welding  by  electric  current,  to  meet  the  require- 
ments of  practice.  Reference  is  made  here  to  the  process  and  apparatus 
devised  by  Prof.  Thomson,  of  which  great  expectations  are  entertained. 


In  the  Field  of  Chemical  Technology,  perhaps  the  most  interest- 
ing event  of  the  year  was  the  establishment  and  starting  in  operation,  near 
Birmingham,  in  England,  of  a  large  plant  for  the  commercial  production  of 
sodium  and  aluminium  by  the  process  of  Castner,  which  has  received 
frequent  notice  at  our  hands,  and  was  referred  to  in  favorable  terms  in  our 
summary  of  progress  for  the  previous  year.  Concerning  the  success  of  Mr. 
Castner's  procedure  for  producing  sodium  more  cheaply  than  by  any  process 
heretofore  known  and  used,  there  can  be  no  question.  The  method  was 
exhaustively  tested  in  an  experimental  works  erected  for  the  purpose,  and 
the  erection  of  the  Oldbury  works  followed  upon  the  favorable  report  of  the 
experts  who  were  engaged  to  conduct  the  preliminary  examination  of  its 
merits.  The  Oldbury  works  now  comprise  a  Castner  sodium  plant  of  twenty 
pots,  with  a  maximum  capacity  of  1,500  pounds  of  sodiunr  per  day  ;  a  Weldon 
chlorine  plant  for  the  production  of  the  anhydrous  double  chloride  of  sodium 
and  aluminium  used  for  the  production  of  the  aluminium  metal,  comprising 
twelve  furnaces,  with  a  collective  capacity  of  6,ooo  pounds  of  chlorine  per 
day;  and  a  reduction  furnace,  in  which  the  actual  production  of  the  metal  is 
effected.  The  capacity  of  the  works,  when  fully  in  operation,  will  be,  accord- 
ing to  published  advices,  500  pounds  of  aluminium  metal  daily.  The  pro- 
duct of  the  works  will  comprise,  also,  the  alloys  of  aluminium.  The  metal 
is  placed  on  the  market  at  $5  (twenty  shillings)  per  pound — a  reduction  of 
nearly  one-half  upon  its  present  price. 

The  Oldbury  works  were  formally  opened  in  the  summer  of  1888,  on 
which  occasion,  in  addition  to  those  immediately  interested,  many  eminent 
men  of  science,  attracted  by  the  interesting  character  of  the  event,  were 
present ;  and,  from  the  concurrent  testimony  of  the  English  technical  press, 
the  conclusion  seems  to  be  warranted  that  Mr.  Castner  has  met  with  substan- 
tial and  deserved  success  in  the  introduction  of  his  process  on  a  commercial 
scale. 

The  growth  of  the  ammonia  soda  process,  in  recent  years,  has  made  the 
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position  of  the  Leblanc  soda  makers  more  and  more  precarious  by  reason  of 
the  severity  of  its  competition,  and  this  fact  lends  a  special  importance  to 
every  method  which  promises  to  introduce  economies  in  the  operation  of  the 
older  process  of  manufacture,  in  which  an  enormous  capital  is  engaged.  For 
these  reasons,  the  chemical  world  has  received  with  interest  the  announce- 
ment, by  Mr.  Chance,  to  the  Society  of  Chemical  Industry,  of  a  process  for 
the  recovery  of  sulphur  from  alkali  waste  by  means  of  lime-kiln  gases,  which 
may  take  rank  as  a  fundamental  improvement  of  the  Leblanc  soda  process. 
Mr.  Chance  claims  to  recover,  either  as  brimstone  or  as  sulphuric  acid, 
ninety-five  per  cent.  of,the  sulphur  previously  wasted  in  the  calcium  sulphide 
of  this  method  of  soda  making ;  and  as  the  quantity  of  pyrites  used 
exclusively  for  this  industry  (the  sulphur  of  which  is  now  thrown  away)  is 
estimated  at  300,000  tons  annually,  the  importance  of  the  new  method,  should 
it  realize  the  hopes  of  its  friends,  may  mean  the  salvation  of  the  Leblanc 
process. 

A  modification  of  the  Weldon  process  for  the  manufacture  of  chlorine, 
called  from  the  name  of  its  inventor  the  Weldon-Pechiney  process,  is 
attracting  attention.  It  has  been  introduced  at  Salindres  (France)  in  an 
experimental  way,  with  a  plant  of  the  capacity  of  one  ton  of  chlorine  per 
day,  and  the  results  may  indicate  that  another  pronounced  improvement  in 
one  of  the  fundamental  chemical  industries  has  been  made.  For  the  details 
of  this  process,  which  produces  no  waste  products,  and  involves  the  ultimate 
regeneration  of  the  material  (magnesium  oxide)  employed  at  the  starting 
point,  to  serve  indefinitely  through  the  same  series  of  operations,  the  reader 
is  referred  to  the  technical  journals. 

In  vietalhirgy ,  a  notable  event  of  the  past  year  was  the  publication  of  an 
important  paper  by  Mr.  Keep,  of  Detroit,  giving  the  results  of  a  careful 
series  of  experiments  upon  the  influence  of  additions  of  aluminium  to  cast 
irons,  with  special  reference  to  the  improvement  of  inferior  irons  by  such 
additions,  so  as  to  adapt  them  to  foundry  uses.  The  results  of  these  investi- 
gations appear  to  estabhsh  the  fact  that  small  additions  of  aluminium  (in  the 
form  of  ferro-aluminium),  up  to  one  per  cent.,  exert  a  distinctly  favorable 
influence  on  cast  iron,  permitting  the  production  of  soft  and  faultless  castings 
from  irons  heretofore  regarded  as  altogether  unfit  for  foundry  use.  Some 
question  has  been  raised  as  to  whether  the  results  noted  by  Mr.  Keep  should 
not  be  attributed,  at  least  in  part,  to  the  silicon  in  the  aluminium  alloy  he 
employed ;  but  the  preponderance  of  evidence  appears  to  be  in  favor  of  the 
view  that  the  influence  of  small  additions  of  aluminium  to  cast  iron  is  no  less 
marked  and  favorable  than  it  is  known  to  be  in  the  case  of  wrought  iron. 
The  interest  excited  by  the  announcement  of  these  results  is  shown  by  the 
fact  that  a  considerable  demand  has  lately  sprung  up  for  ferro-aluminium  for 
foundry  use.  Should  Mr.  Keep's  results  be  verified  in  practice,  they  will 
prove  of  the  highest  importance  to  foundrymen. 

It  is  worthy  of  notice,  in  connection  with  the  unusual  share  of  attention 
that  has  of  late  been  given  to  the  subject  of  the  cheap  production  of  alu- 
minium, that  the  general  sentiment  among  metallurgists  respecting  the  prac- 
tical value  of  this  metal  has  undergone  a  considerable  modification.     Sober 
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second  thought,  now  that  the  day  of  cheap  aluminium  appears  to  be  drawing 
nigh,  has  dispelled  many  of  the  extravagant  notions  that  formerly  were  enter- 
tained, even  by  men  of  science,  respecting  the  possible  utilities  of  this  elusive 
metal.  The  more  carefully  its  properties  are  studied,  the  more  probable  does 
it  appear  that  it  will  always  hold  a  subordinate  place  in  the  arts,  and  that  its 
greatest  utility  will  be  derived  from  its  alloys,  which,  with  diminishing  cost  of 
production,  will  come  into  very  general  use  in  the  arts  of  construction. 

The  effect  of  the  presence  of  manganese  in  steel  has  been  made  the  sub- 
ject of  careful  study,  and  it  is  believed  that  the  constructive  arts  will  shortly 
be  the  gainers  by  the  possession  of  a  metal  possessing  altogether  new  and 
highly  valuable  properties.  The  most  interesting  results  have  been  obtained 
with  steel  containing  as  much  as  ten  to  fourteen  per  cent,  of  manganese.  It 
has  been  found  with  this  material,  that  notwithstanding  its  considerable 
toughness  when  cast  in  the  ordinary  way,  an  extraordinary  gain  in  strength 
is  obtained  by  methods,  which,  in  the  case  of  ordinary  steel,  would  cause 
brittleness,  water-cracking,  and  other  defects.  The  process  is  termed  "water- 
toughening,"  and  consists  in  heating  the  article  under  treatment  to  about 
1,800°  or  2,000°  F.,  and  then  plunging  it  into  cold  water.  The  nearer  the 
above  temperatures  are  approached,  and  the  colder  the  water,  the  tougher 
will  be  the  material.  After  water-toughening,  notwithstanding  their  hard- 
ness and  stiffness,  it  was  found  that  test  specimens  could  be  bent  double,  cold^ 
almost  in  the  same  way  as  a  piece  of  the  mildest  forged  steel,  thus  proving 
that  the  nev/  alloy  combined  the  apparently  contradictory  qualities  of  hard- 
nesb  and  toughness.  It  is  believed  that  manganese  steel  treated  by  this 
toughening  process  will  be  found  especially  well  adapted  for  railway  car- 
wheels,  car-couplings  and  similar  uses. 


An  ingenious  artifice  that  has  lately  been  successfully  put  in  practice  at 
Shenandoah  by  the  Reading  Company,  at  the  Kohinoor  colliery,  for  refilling 
the  excavations  from  which  coal  has  been  taken  out,  is  worthy  of  mention, 
since  it  is  desirable  that  it  should  be  imitated  elsewhere  throughout  the  coal 
regions  where  similar  conditions  prevail.  The  method  is  both  simple  and 
effective,  and  prevents  the  caving  in  of  the  earth  above,  and  the  consequent 
loss  of  valuable  property,  which  has  not  been  infrequent  in  the  mining  towns 
of  the  anthracite  region.  Besides,  the  valuable  pillars  of  pure  coal,  which  for 
many  years  it  was  customary  to  leave  in  the  mines,  to  prevent  falling  in  of 
the  roof,  can  now  be  taken  out  without  fear.  A  coal  dirt  conveyer,  consisting 
of  a  series  of  semicircular  chutes,  similar  to  those  used  in  discharging  coal 
from  carts  into  cellars,  and  an  endless  chain  with  scrapers  attached,  auto- 
matically conveys  the  fine  refuse  from  the  coal  breakers  to  an  elevation,  from 
whence  it  is  discharged  into  a  second  chute.  As  the  coal  dirt  falls  on  this, 
water,  pumped  from  the  mines,  mixes  with  it  and  carries  the  stuff,  in  a  semi- 
liquid  state,  back  through  a  jig  or  puddling  hole  into  the  bowels  of  the  earth, 
from  whence  the  coal  has  been  removed.  The  coal  dirt  settles  to  the  bottom 
of  the  breasts  and  packs  closely,  and  the  water  seeks  an  outlet  below,  to  be 
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again  pumped  out  to  repeat  its  duty.  The  cost  of  this  puddling  the  refuse 
matter  back  into  the  mines,  about  three  to  four  cents  per  cubic  yard,  is  very 
small  compared  with  the  value  of  the  pillars  of  marketable  coal  of  which  the 
mines  may  be  safely  "  robbed,"  and  the  security  obtained  for  dwellings  and 
railroad  property  on  the  surface,  above  the  mines.  Already  more  than  two 
acres  beneath  the  city  of  Shenandoah,  from  which  the  coal  had  been  mined, 
have  been  again  solidly  refilled  with  the  coal  dirt  which  used  to  be  piled 
mountains  high  around  the  town. 

Public  interest  was  aroused  last  year  to  an  unusual  degree  by  the 
announcement  that  Mr.  Edison  had  succeeded  in  greatly  improving  the 
efficiency  of  the  phonograph.  These  improvements,  it  subsequently  appeared, 
consisted  in  the  substitution  of  a  specially  prepared  sheet  of  wax,  into  which 
the  sound  record  was  cut,  in  place  of  the  strip  of  tin-foil  on  which  a  stylus 
made  the  sound  record  by  means  of  a  series  of  indentations.  Other  improve- 
ments related  to  the  mechanical  details  of  the  apparatus.  It  should  be  added, 
however,  that  the  claims  of  Edison  as  to  priority  of  invention  of  the  most 
important  element  of  improvement — that  is,  the  mode  of  making  the  sound 
record — were  questioned  by  Messrs.  Bell  &  Taintor,  the  inventors  of  the 
instrument  called  the  "  graphophone." 


/ 


/ 
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RROCEEDINQS 


Chkmical  Section, 

OF   THE 

Kranklin    Instituxe. 


\Stated  Meeting,  held  at  the  Institute,    Tuesday,  January  ij, 

i88g.'\ 

Hall  of  the  Franklin  Institute. 
Philadelphia,  January  15,  1889. 
Mr.  H.  Pemberton,  Jr.,  President,  in  the  Ciiair. 

Members  present:  Dr.  L.  B.  Hall,  Dr.  H.  W.  Jayne,  Dr.  S.  C.  Hooker, 
Dr.  Wm.  C.  Day,  Dr.  Wm.  H.  Wahl,  Dr.  S.  P.  Sadtler,  Prof.  Henry  Trim- 
ble. Dr.  H.  F.  Keller,  Messrs.  T.  C.  Palmer,  W.  L.  Rowland,  A.  T.  Eastwick, 
J.  M.  Nevvbold,  Prof.  R.  L.  Chase,  Dr.  Wm.  H.  Greene,  Dr.  D.  K.  Tuttle,  and 
three  visitors. 

Mr.  Pemberton,  on  taking  the  Chair,  proposed  a  vote  of  thanks  to  the 
retiring  officers  for  their  efficient  services. 

The  Committee  on  By-Laws  reported  progress. 

The  following  gentlemen  were  elected  members  of  the  Section  :  Mr.  F. 
C.  Levvin,  ion  Spruce  Street,  Philadelphia;  Mr.  C.  V.  Petraeus,  231  South 
Front  Street,  Philadelphia;  Mr.  R.  E.  Fisher,  2239  St.  Albans  Place,  Phila- 
delphia; Dr.  Wm.  H.  Greene,  204  North  Thirty-sixth  Street,  Philadelphia ; 
Dr.  Geo.  A.  Koenig,  University  of  Pennsylvania,  Philadelphia;  Mr.  M. 
Carey  Lea,  530  Walnut  Street,  Philadelphia;  Prof.  Henry  Morton,  Stevens 
Institute,  Hoboken,  N.  J. 

The  following  gentlemen  were  nominated  for  membership  in  the  Section  : 
Dr.  T.  R.  Wolf,  Newark.  Del. ;  Mr.  C.  J.  Semper,  505  South  Forty-first  Street. 
Philadelphia;  Mr.  S.  Lloyd  Wiegand,  146  South  Sixth  Street,  Philadelphia; 
Prof.  Edgar  F.  Smith,  Ph.D.,  University  of  Pennsylvania;  Mr.  Marshall  R. 
Pugh.  University  of  Pennsylvania. 

Dr.  Wahl  announced  that  papers  read  before  the  Section  could  be  pub- 
lished in  the  Journal  of  the  Franklin  Institute,  simultaneously  with 
other  journals,  and  that  such  articles  would  be  continuously  paged  so  as  to 
form  an  independent  work,  which  would  be  bound  and  issued  as  such  by  the 
Section. 

The  matter  of  obtaining  a  suitable  desk  for  the  benefit  of  the  Secretary  of 
the  Section  was  referred  to  the  conservator  with  power  to  act. 
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Notice  was  given  by  the  President  proposing  an  amendment  to  the  By- 
Laws,  making  the  annual  dues  $2  per  year  instead  of  $1  as  heretofore. 

The  President  appointed  Drs.  Greene,  Hooker  and  Hall  members  of  a 
Committee  on  Abstracts,  the  duty  of  the  committee  to  consist  in  selecting 
from  the  various  chemical  journals  articles  to  be  abstracted,  and  in  assigning 
such  articles  to  the  various  members  of  a  volunteer  committee,  by  whom  they 
are  to  be  abstracted  for  the  Journal  of  the  Institute. 

Dr.  Wahl  announced  the  purchase  of  a  complete  set  of  the  Jahresbericht 
for  the  Library  of  the  Institute. 

Dr.  Hooker  showed  several  specimens  of  the  pyrrol,  indol  and  carbazol 
groups,  and  spoke  briefly  on  the  relations  of  these  compounds  to  each  other. 
The  "fir-wood"  reaction  was  strikingly  shown  with  pyrrol,  phenyl-pyrrol 
and  carbazol,  and  the  best  way  of  making  it  explained.  Dr.  Hooker  called 
attention  to  the  fact  that  pine  was  slowly  colored  bright  green  by  concen- 
trated hydrochloric  acid.  This  he  believed  had  not  been  previously 
observed.  A  pine  splinter,  moistened  with  an  alcoholic  solution  of  furfural, 
was  also  shown  to  turn  intensely  green  when  exposed  to  the  action  of  hydro- 
chloric acid  gas,  but  this  could  be  readily  distinguished  from  the  action  of 
hydrochloric  acid  alone. 

Adjourned.  Wm.  C.  Day,  Secretary. 


\_Erratuin. — In  list  of  nominations  for  membership  in  December  Proceed- 
ings, for  Henry  C,  read,  M.  Carey  Lea.] 


REPORT  OF  THE  CHEMICAL  SECTION,  FRANKLIN  INSTITUTE,  i! 


Mk.  Joseph  M.  VVilso.n,  President  Franklin  Institute: 

Sir  : — I  have  the  honor  to  submit  the  following  report  of  the  proceedings 

of  the  Chemical  Section  for  the  year  1888  : 

The  work  of  the  Section  was  carried  on  with  the  aid  of  the  following 

officers  : 
President — Mr.  J.  H.  Eastwick. 

Vice-Presidents— VroL  S.  P.  Sadtler,  Mr.  H.  Pemberton,  Jr. 
Secretary — T.  C.  Palmer. 
Treasurer — Mr.  Chas.  Bullock. 
Conservator — Dr.  Wm.  H.  Wahl. 

Stated  meetings  were  held  on  the  second  or  third  Tuesdays  of  February, 
May,  June,  September,  October,  November  and  December,  and  special  meet- 
ings were  held  on  April  24th  and  June  4th,  making  in  all  nine  meetings  dur- 
ing the  year. 

There  has  been  a  growing  interest  in  the  affairs  of  the  Section  on  the  part 
of  members,  and  at  the  present  time  the  indications  of  future  development 
and  increasing  usefulness  and  importance  are  very  marked. 

The  net  increase  of  membership  during  the  twelve  months  is  nine,  mak- 
ing a  total  of  sixty-four  members. 


I 


Feb.,  1889.J  Chemical    Section.  129 

Several  matters  of  importance  have  claimed  the  attention  of  the  Section 
during  the  past  year.  Three  subjects  were  submitted  by  the  Committee  on 
Science  and  the  Arts,  and  reported  upon  by  committees  of  the  Section,  to 
wit : 

The  reopened  question  of  the  Hyatt  Pure  Water  Company's  filtering  appa- 
ratus, referred  back  on  account  of  a  protest  against  the  award  of  the  Scott 
Legacy  Medal  and  Premium  thereto  ;  the  Sodium  Process  of  Mr.  Hamilton 
Y.  Castner,  the  Hydrogen  Process  for  Preserving  Iron  and  Steel. 

These  reports  were  forwarded  to  the  Committee  on  Science  and  the  Arts, 
and  are  now  filed  among  their  papers. 

The  further  proceedings  of  the  Section  are  given  in  abstract  in  the  follow- 
ing record  : 

An  arrangement  has  been  made,  whereby  the  proceedings  of  the  Section 
shall  be  published  in  full,  in  successive  numbers  of  the  Journal  of  the 
Franklin  Institute,  and  the  minutes  of  the  December  meeting,  together 
with  several  papers,  have  already  appeared  in  the  previous  impression. 


ABSTRACT   OF   PROCEEDINGS,   1 888. 

Stated  Meeting,  February  i^th. — Dr.  E.  H.  Keiser  gave  an  account  of  his 
work  on  the  estimation  of  the  atomic  weight  qf  oxygen.  The  method  fol- 
lowed was  the  burning  of  hydrogen  occluded  by  palladium,  and  weighing  of 
resulting  water.     Results  showed  6>  <  I5'96.     Adjourned. 

Special  Meeting,  April  2^ih. — The  Treasurer's  report  for  1887  was  read. 
Bills  were  ordered  to  be  paid.  Resignations  of  Dr.  J.  B.  Lober  and  Mr. 
Bruno  Terne  were  accepted.  Nominations  of  four  gentlemen  to  rhembership 
were  made.  The  deferred  election  of  officers  took  place.  The  President 
announced  the  following  committees:  (i)  On  the  Castner  Sodium  Process, 
Dr.  E.  H.  Keiser,  Messrs.  Weikel  and  Palmer.  (2)  On  the  Hydrogen  Pro- 
cess for  PreserTjing  Iron  and  Steel,  Dr.  Wm.  C  Day,  Messrs.  Matos  and  Chase. 
Amendments  to  By-laws  were  announced.  Dr.  E.  H.  Keiser  spoke  further  of 
his  work  on  the  atomic  weight  of  oxygen.  Further  results  had  shown  the 
probable  correctness  of  the  usually  accepted  number,  15  96.     Adjourned. 

Stated  Meeting,  May  /jth. — The  resignation  as  member  of  the  Section  of 
Mr.  L.  W.  Moody  was  accepted.  The  committees  appointed  at  last  meeting 
reported  progress,  and  were  continued.  Mr.  Victor  de  Balas,  Dr.  D.  K. 
Tuttle,  Dr.  Samuel  C.  Hooker,  and  Mr.  Geo.  C.  Webster  were  elected  to 
membership.  The  protest  of  Prof.  A.  R.  Leeds  against  the  report  of  a  com- 
mittee of  this  Section,  on  the  Hyatt  Pure  Water  System,  together  with  said 
report  and  correspondence  concerning  the  subject,  was  read,  and,  on  motion, 
the  matter  was  made  a  special  order  for  an  appointed  meeting  of  the  Section. 
Adjourned. 

Special  Meeting,  June  4th. — The  protest  of  Prof,  A.  R.  Leeds  against  the 
favorable  report  of  the  Committee  on  the  Hyatt  Pure  Water  System,  was 
read  ;  ilso,  the  report  in  question,  and  various  letters  and  documents  bearing 
on  the  matter.     After  a  very  full  discussion,  it  was 

Resolved,  That  the  Secretary  be  instructed  to  inform  the  Committee  on 
Whole   No    Vol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  9 
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Science  and  the  Arts,  that  the  Chemical  Section,  acting  as  Committee  of  the 
Whole,  has  carefully  considered  the  protest  of  Prof.  A.  R.  Leeds  against  the 
award  of  the  Scott  Legacy  Premium  and  Medal  to  the  Hyatt  Pure  Water 
Company,  and  does  not  deem  the  evidence  submitted  of  sufficient  importance 
to  warrant  it  in  recommending  a  re-opening  of  the  question. 

Dr.  E.  H.  Keiser  read  the  report  of  the  Committee  on  the  Castner  Sodium 
Process.  The  report  concludes  with  the  following :  "  It  appears,  from  all  the 
evidence  submitted  to  us,  that,  through  the  efforts  of  Mr.  Castner.  an  advance 
step  has  been  taken  in  the  manufacture  of  sodium,  which  cannot  help  having  a 
beneficial  effect  on  industry."  The  report  was  adopted.  Dr.  Wm.  C.  Day  read 
the  report  of  the  Committee  on  the  Hydrogen  Process  for  Preserving  Iron 
and  Steel.  This  report  contained  a  description  of  the  process,  but  stated  that 
the  committee  had  been  unable  to  obtain  any  evidence  of  its  successful 
working.     Accepted.     Adjourned. 

Stated  Meeting,  June  igth. — Bills  for  printing  were  ordered  to  be  paid. 
Dr.  H.  W.  Jayne  read  a  paper  on  "  Coal  Tar  Products."  The  paper  was 
illustrated  by  numerous  specimens  and  drawings.  The  lecturer  spoke 
particularly  of  the  present  state  of  manufacture  and  various  uses  of  naphtha- 
lin,  giving  many  facts  and  circumstances  of  great  interest.  On  motion  of 
Prof.  N.  W.  Thomas,  a  vote  of  thanks  was  tendered  Dr.  Jayne  for  his 
unusually  interesting  paper.     Adjourned. 

Stated  Meeting,  September  i8th. — Routine  business  and  general  discussion. 
Adjourned. 

Stated  Meeting,  October  i6th. — Dr.  Samuel  C.  Hooker  read  a  paper  on 
"  Estimation  of  Nitrates  in  Natural  Waters,  and  Some  New  Reactions  of 
Carbazol."     A  general  discussion  of  the  paper  followed.     Adjourned. 

Stated  Meeting,  November  20th. — Two  gentlemen  were  nominated  for 
membership  in  the  Section.  Treasurer  was  authorized  to  receive  subscrip- 
tions to  Journals  for  the  year  1889.  Nominations  of  officers  for  the  year  1889 
were  made.  Mr.  H.  Pemberton,  Jr.,  spoke  of  a  constant  error  found  by  him 
in  a  line  of  burettes  made  by  Greiner,  of  New  York,  due  to  the  graduation 
having  been  made  with  the  aid  of  mercury,  the  meniscus  of  which  is 
different  from  that  of  water.  Dr.  Jayne  described  the  extensive  color  works 
at  Basle,  and  laboratories  connected  with  them  ;  spoke  also  of  the  vast  extent 
of  the  color  market  in  China  and  Japan,  due  to  the  practice  of  household 
dyeing.  The  commercial  peculiarities  of  che  color  trade  of  Europe  were  also 
described.     Miscellaneous  discussion.     Adjourned. 

Stated  Meetiti^,  December  i8th. — Two  gentlemen  were  elected  members 
of  the  Section,  and  seven  nominated.  The  following  were  elected  officers 
for  1889: 

President — Mr.  H.  Pemberton,  Jr.,  1947  Locust  Street,  Philadelphia. 

P      vy    / I  ^'^'  ^*  ^"  Hooker,  Frankhn  Sugar  Refinery,  Phila. 

1  Mr.  T.  C.  Palmer,  22  North  Front  Street,  Philadelphia. 

Secretary — Dr.  Wm.  C.  Day,  Swarthmore  College,  Delaware  County,  Pa. 

Treasurer — Dr.  H.  W.  Jayne,  Bermuda  Street,  Frankford,   Philadelphia. 

Conservator — Dr.  Wm.  H.  Wahl,  Franklin  Institute,  Philadelphia. 
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Mr.  Pemberton  prfesented  a  communication  from  Dr.  Wahl,  concerning 
the  publishing  of  papers  of  the  Section.  Committee  to  confer  with  Dr.  Wahl, 
Mr.  Pemberton,  Jr.,  Dr.  S.  C.  Hooker.  Committee  to  revise  By-laws  and 
membership  list:  Mr.  T.  C.  Palmer,  Dr.  H.  W.  Jayne,  Prof.  R.  L.  Chase. 
Mr.  Liithy  exhibited  and  remarked  on  the  mineral  eudialyte.  Prof.  Chase 
and  Dr.  Jayne  discussed  the  film  of  the  Welsbach  gas  burner.  Dr.  Hooker 
showed  samples  of  so-called  electrically  refined  sugar.  Mr.  Luthy  agreed 
with  him  in  his  estimate  of  the  alleged  electric  process.  Mr.  Macfarlane 
exhibited  a  souvenir  of  the  twenty-fifth  anniversary  of  the  color  works  of 
Meister,  Lucius  &  Bruening.  Dr.  Hooker  showed  a  sample  of  saccharin  and 
described  the  most  reliable  test  for  it.  Discussion  of  the  wholesomeness  of 
saccharin,  by  Dr.  Hooker,  Dr.  Jayne,  Dr.  Hall.     Adjourned. 

Respectfully,  T.  C.  P.almer,  Secretary. 


On  the  ash  of  TILLANDSIA  USNEOIDES. 


Bv  T.  C.  Pal.mer. 


\_To  be  read  before  the  Chemical  Section,  Fra.nklin"  Institl'TE,  February  ig, 

i88g.\ 

At  the  suggestion  of  Prof.  H.  Trimble,  I  have  made  an 
analysis  of  the  ash  of  Florida  long  moss,  with  results  that 
are  perhaps  worthy  of  publication. 

About  the  year  1835,  Avequin  of  New  Orleans,  pub- 
lished" an  analysis  of  this  ash,  in  the  following  terms; 

1,000  grammes  of  moss  gave  32-35  grammes  ash. 
[Ash  =  3'235  per  cent.] 
Composed  of — 

Grammes . 

.Salt    of  potash  (phosphate,  sulphate,  carbonate,  chloride),     .  11  "47 

l.i.ne,  partly  as  carbonate, 5-96 

Phosphates  of  lime  and  magnesia 9-26 

.silica  containing  a  little  iron  and  manganese, 5"66 

32-35 

This  seemed  to  be  the  only  analysis  hitherto  made  of  the 
ash,  and  it  is  very  incomplete. 

The  results  obtained  by  me  are  given  as  the  average  of 
two  concurring  analyses,  and  are  as  follows : 

*  Journal  de  Pharin.  et  Chitnir,  iii,  Jia,  pj". 
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Total  ash,  2-95  per  cent.,  the  dried  plant, 

PERCENTAGE  COMPOSITION. 

Per  Cent. 

^\0.,, I0*3000 

FCsOj,  2TOO 

AI2O3 , 2-6oo 

MnO 1-672 

CaO, 12700 

MgO ii"35' 

K2O 13759 

NaoO 14-856 

SO3 7-419 

CI,        6-947 

COj 12  900 

i^.O.-, 3-034 

Total 99638 

It  is  rather  difficult  to  compare  these  two  analyses,  on 
account  of  the  difference  in  the  way  they  are  recorded;  but 
in  the  two  cases  where  I  have  tried  grouping  some  of  the 
constituents  in  the  manner  of  Avequin,  the  agreement  is 
close  enough  to  show  that  in  all  probability,  nearly  identi- 
cal results  have  been  reached  in  the  two  cases.  So  far  as  it 
goes,  this  is  proof  of  the  a  priori  idea  that  the  ash  of  this  plant 
is  practically,  and  within  certain  limits,  uniform,  regardless 
of  where  it  grows.  Avequin  gathered  his  sample  near  New 
Orleans  ;  that  selected  for  the  above  analyses  came  from 
Florida. 

It  is  my  desire  to  point  out  that  here  we  have  an 
anomaly  of  a  certain  sort.  Tillandsia  is  a  typical  epiphyte, 
and  according  to  definition  should  select  its  mineral  matter, 
as  well  as  its  organic  matter,  entirely  from  the  air.  Its 
roots  are  not  supposed  to  give  it  any  nourishment,  being 
merely  anchors  or  grippers. 

But  unless  the  floating  dust  of  the  forests  where  this 
plant  grows  is  more  plentiful  and  more  complicated  in 
composition  than  we  have  any  reason  to  think  it,  what  we 
know  of  the  circumstances  of  Tilla)idsia  s  growth  points,  in 
the  light  of  these  analyses,  to  an  absorption  from  the  trees 
on  which  it  grows,  of  the  mineral  constituents  at  least. 
The  presence  of  manganese  oxide  to  the  extent  of  \-6'j2  per 
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cent,  of  the  total  ash,  is  especially  significant,  for  manganese 
has  come  to  be  looked  on  as  a  very  common  constituent  of 
vegetable  growths  in  general.*  Thus  it  is  found  in  notable 
quantities  in  wheat,  edible  roots,  such  as  potatoes,  in  peas 
and  beans,  in  tobacco,  tea,  coffee,  fruits,  etc.,  and  not  acci- 
dentally, but  uniformly.  But  especially  in  point  is  the  fact 
that  manganese  is  very  plentiful  in  the  barks  of  various 
species  of  trees.  Thus,  two  samples  of  the  bark  of  Quercus 
tinctoria  gave  each  a  total  ash  of  about  three  per  cent,  and 
of  this,  in  each  case,  about  1*5  per  cent,  was  manganese 
oxide.  An  extract  of  hemlock  bark  {Abies  Canadensis)  gave 
a  total  ash  of  2*5  per  cent.,  of  which  manganese  oxide  con- 
stituted 5'i28  per  cent.  An  extract  of  quercitron  bark  gave 
an  ash  of  4*98  per  cent.,  of  which  3740  per  cent,  was  man- 
ganese oxide.  These  few  examples  might  be  continued 
indefinitely,  but  they  will  suffice  to  show  the  abundance  of 
manganese  in  barks ;  and,  further,  its  presence  in  the 
extracts  of  the  barks  shows  it  to  be  in  a  soluble  form  in  the 
barks.  The  other  constituents  are  such  as  one  finds,  in  the 
bark  of  trees ;  and  no  single  one  of  them  is  entirely  anoma- 
lous in  a  plant.  So  that  it  would  appear  that  Tillandsia  does 
probably  get  its  mineral  food  like  other  plants,  from  the 
earth  and  not  from  the  air. 

The  crucial  test,  however,  remains  to  be  made,  and  I 
shall  proceed  to  make  it.  That  will  consist  in  the  analysis 
of  some  Tillandsia  that  has  been  grown  on  a  support  incap- 
able of  affording  any  mineral  matter  already  in  solution, 
such  as  a  glass  rod.  Such  an  analysis  will  .be  the  subject 
of  another  paper. 

ABSTRACTS. 

On  the  Behavior  of  the  Hydrates  and  the  Carbonates  of 
Barium  and  of  the  Alkali  Metals  at  High  Temperatures. — By 
Prof.  W.  Dittmar  [Jour.  Soc.  C/iem.  Ltd.,  7,  730).  A  description  of  the  car- 
bonates and  hydrates  of  the  above  bases  when  highly  heated  in  an  atmos- 
phere of  hydrogen,  of  nitrogen,  and  of  carbon  dioxide.  Carbonate  of  lithia, 
heated  partly  by  Bunsen  burner,  partly  by  gas  blow-pipe,  for  thirty-seven 
hours,  in  atmosphere  of  hydrogen,  gave  a  residue  analyzing  Li.^  O  :=  99'57 
per  cent.,  and  CO2  =  06  per  cent.,  showing  practically  a  complete  decom- 

*  Maumene.     Bull.  Soc.  Chim.  de  Paris,  42,  305. 
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position,  into  oxide,  due  principally  to  the  action  of  the  hydrogen,  but  partly 
to  mere  dissociation,  as  the  following  experiment  shows:  LijCO^  heated  in 
an  atmosphere  of  nitrogen  to  highest  tempeiature  for  one  hour,  gave  residue 
containing  777  per  cent.  Li20.  Heated  in  same  manner  for  ten  hours, 
residue  contained  30  37  per  cent.  LigO.  Even  in  an  atmosphere  of  carbon 
dioxide,  the  LijCOg  was  slightly  decomposed,  showing  traces  of  LijO  ; 
and  this,  too,  at  a  temperature  barely  sufficient  to  keep  the  substance  in  a 
state  of  fusion.  An  interesting  result,  however,  was  obtained  by  heating 
Li  CO3  in  CO2  to  a  red  heat,  under  a  pressure  varying  from  one  slightly 
above  the  normal  to  a  full  extra  atmosphere  (in  boat  in  a  porcelain  tube). 
The  mean  of  several  closely  agreeing  experiments  gave  a  residue  containing 
more  CO.^  than  required,  if  we  accept  Stas'  atomic  weight  of  702  ;  the  atomic 
weight,  in  fact,  so  deduced,  being  6'909.  The  LijCO.,  used  was  carefully 
purified,  but  the  presence  of  any  possible  impurities  would  have  had  no  bear- 
ing on  the  argument,  as  the  effect  of  such  would  have  been  to  make  less 
CO2  present;  not  more. 

Lithium  hydrate,  crystallized  (LiHO  -|-  HoO),  lost  in  dry  hydrogen  all 
crystal  water  at  100°;  the  LiHO  remaining  undecomposed  up  to  320°. 
Heated  to  redness  in  H  for  four  hours  completely  reduced  to  LigO.  Crystal- 
lized barium  hydrate,  heated  in  hydrogen  to  red  heat,  gave  in  four  hours 
pure  BaO. 

Barium  carbonate,  heated  in  hydrogen  two  hours  by  Bunsen  burner,  then 
five  hours  by  gas  blow-pipe,  yave  residue  containing  only  01  per  cent.  COj. 

2'2i68  grammes  of  the  same,  stronglv  heated  in  muffle  in  atmosphere  of 
nitrogen  for  one  hour,  lost  only  19  m'grs.,  showing  great  differences  in  the 
behavior  in  hydrogen  and  in  nitrogen. 

Sodium  carbonate,  heated  in  hydrogen,  loses  C0,> ,  leaving  mixture  of 
hydrate  and  carbonate,  the  amount  of  hydrate  formed  in  four  hours,  by  blow- 
pipe, varying  from  1 1  "9  to  20  per  cent.  Heated  two  hours  in  nitrogen  residue, 
contained  of  sodium  monoxide  r759  ^^^  cent.,  showing  slow  dissociation  at 
a  red  heat. 

Potassium  carbonate  gave  similar  results,  but  with  formation  of  smaller 
quantities  of  hydrate.'  The  same  may  be  said  of  rubidium  carbonate.  This 
latter  salt  was  heated  for  two  hours  over  gas  blow-pipe  ;  when  the  crucible  was 
opened,  it  was  found  to  be  empty,  showing  the  great  volatility  of  Rb.^COg. 
A  table  of  solubilities  of  lithium  hydrate  is  given  ;  also,  a  description  of 
modification  of  Liebig's  bulbs,  by  which  loss  by  splashing  is  prevented,  in 
passage  of  a  quick  stream  of  COg.  ?• 

A  NEW  Process  for  obtaining  Ammonium  Chloride  from  the 
Nitrogen  of  Coal,  Coke,  Cinders  and  Organic  Matter  generally. 
— By  Andrew  French.  {Jour.  Soc.  Che?n.  Ltd.,  7,  735.)  A  paper  well 
worthy  of  attention.  A  large  pile  of  furnace  cinders,  containing  half-burned 
coal,  and  which  had  been  drenched  with  salt  water,  caught  fire.  A  stream 
of  waste  water  from  a  fume  condenser  saturated  with  sulphurous  acid 
was  run  upon  it,  and,  in  a  few  weeks,  the  fire  extinguished.  The  interesting 
result  of  this  was  the  formation  of  a  large  quantity  of  chloride  of  ammonium. 
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"  It  is  no  exaggeration  to  say  that  the  surface  of  the  heap  was  for  the 
greater  part  covered  with  white,  sparkling  sal  ammoniac,  as  if  with  snow, 
and,  at  one  time,  a  ton  at  least  of  that  salt  might  have  been  collected.  In 
some  places  there  were  large  cakes  of  it  from  an  inch  to  an  inch  and  a-half 
thick." 

On  digging  into  the  heap  after  the  fire  was  extinguished,  an  abundance  of 
sodium  sulphate  was  found,  but  scarcely  any  sodium  chloride. 

Following  the  advice  of  Prof.  Dittmar,  the  author,  tried  the  following 
experiments  : 

A  sample  of  similar  ashes,  drenched  with  salt  water,  was  burned  in  a 
Cornish  assay  furnace  with  a  supply  of  steam,  SO2,  and  a  limited  amount  of 
air;  resulting  in  the  profuse  production  of  NHiCl.  No  NH4CI  was  formed  if 
either  the  salt,  SO.2,  or  steam  was  omitted. 

Again,  the  nitrogenous  substance  was  mixed  with  salt  and  iron  pyrites, 
and  made  into  a  little  brick  with  clay  (free  from  N).  This  was  then  heated  in 
a  porcelain  tube,  and  steam  and  air  together  passed  through  it.  The  following 
are  some  of  the  results  obtained  : 

Pounds  NffiCl 
Per   Ton. 

Black':  Slamrinan  coal,      ii.y(> 

Clyde  Con||)any's  Ell  coal, 1012 

Clyde  Cimpany's  Jewel  coal, 1388 

Coal  cinders  (coke), 968 

Experiments  on  the  large  scale  were  then  tried  with  the  spent  shale  from 
a  mineral  oil  works,  in  a  small  kiln,  also  with  coal  in  the  furnaces  of  steam 
boilers,  usingfrom  five  hundredweights  to  five  tons  of  coal  in  the  various  tests, 
and  in  all  cases  a  large  yield  in  sal  ammoniac  was  obtained.  The  author 
quotes  several  authorities,  showing  that  the  production  of  ammonium  chloride 
in  burning  coal  mines  had  been  observed  more  than  half  a  century  ago. 
It  was  in  1884  that  he  made  the  observations  above  described,  but  it  does 
not  appear  from  this  paper,  that  any  systematic  application  on  an  industrial 
scale  has  since  been  made.  P. 


Double  Bromide  of  Copper  .4nd  Ammonia  in  Photography.  L.  L. 
de  Koninck  {Zeitsch.  f.  angewandte  Chonie,  8**,  507). — Bromide  of  copper 
is  sometimes  applied  for  correcting  over-exposed  plates.  It  is,  however,  not 
easily  prepared,  and  the  cotnmercial  salt  is  often  insoluble  and  has  not  the 
desired  effect.  The  author,  therefore,  recommends  in  its  stead  the  double 
salt  of  cupric  bromide  and  ammonium  bromide,  which  is  easily  obtained  in 
the  following  manner : 

A  weighed  quantity  of  copper  fragments  are  introduced  into  a  glass- 
stoppered  bottle  and  covered  with  about  twice  their  weight  of  water.  Bromine 
IS  then  added  by  degrees  under  frequent  shaking,  until  all  copper  is  dissolved 
as  well  as  any  white  cuprous  bromide  which  first  forms,  and  bromine  is  pres- 
ent in  small  excess. 

Occasional  cooling  is  advisable  in  order  to  prevent  loss  of  bromine.  The. 
■dark  red  solution  is  transferred  to  a  porcelain  dish  and  heated  until  the  small 
excess  of  bromine  is  evaporated.     To  the  remaining  solution  of  cupric  bro- 
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mide  a  corresponding  quantity  of  ammonium  bromide  is  now  added  in  the 
relation  of  2  mol.  NH4Br  to  mol.  Cu,  i.  e.,  1955  AmBr  for  Sy^i  Cu  or  309  for 
100.  After  filtration  the  solution  is  evaporated  to  crystallize.  The  crystals 
are  emerald  green  and  well  formed.  The  concentrated  solution  of  this  salt 
is  wine  red,  the  dilute  like  that  of  most  copper  salts,  faint  bluish  green.  A 
solution  of  I  :  1,000  of  this  double  salt  acts  with  great  energy  upon  photo- 
graphic silver  pictures,  an  over-exposed  picture  disappearing  within  a  few 
moments.  O.  L. 

Filtration  and  Purification  of  Colloid  Precipitates  by  Diffu- 
sion. E.  Bauer  {^Chemiker-Zeitung,  1888,  ySg)  recommends  for  this  pur- 
pose a  funnel,  the  lower  part  of  which  has  been  cut  off,  so  that  the  apex  of  the 
paper  filter  reaches  down  into  a  body  of  water  (or  other  solvent)  contained  in 
a  beaker.  By  repeated  changing  the  water  and  covering  the  precipitate  the 
latter  is  finally  completely  washed.  O.  L. 


A  New  Alkali  Process. — By  W.  W.  Staveley  {Jour.  Soc.  Chem.,  Ind., 
7,  807J.  During  the  last  half  century  many  attempts  have  been  made  to 
decompose  sulphate  of  sodium  by  means  of  slaked  lime.  Even  in  very 
dilute  solutions  and  under  a  high  pressure,  however,  only  a  small  proportion  of 
the  sodium  sulphate  can  be  so  decomposed  ;  the  reason  being  the  comparatively 
great  solubility  of  sulphate  of  lime,  in  connection  with  the  sparing  solubility 
of  calcium  hydrate.  The  author  finds,  however,  that  by  the  addition  of 
cresol  (C7H.O  ;  one  of  the  phenols  existing  in  oils  from  coal)  about  ninety- 
five  per  cent,  of  the  sodium  sulphate  is  decomposed.  Any  of  the  phenoloids 
may  be  used,  those  distilling  between  190°  and  250°  C,  however,  being  most 
suitable.  As  a  practical  illustration  of  the  process,  eleven  hundredweights 
of  quick-lime  are  slaked  and  sufficient  water  added  to  make  a  volume  of,  say, 
400  gallons.  When  cold,  about  430  gallons  of  distilled  phenoloids  are 
added,  and  the  mixture  gradually  run  into,  say,  900  gallons  of  a  solution  of 
ninety-five  per  cent,  sodium  sulphate,  containing  about  twenty-nine  and' 
three-fourths  hundredweights  of  the  latter.  The  mixed  solutions  are  now 
agitated  for  several  hours,  at  a  temperature  of  30°  to  40°  C.  About  ninety- 
five  per  cent,  of  the  Na.2S04  has  now  been  decomposed,  with  the  formation  of 
thirty-two  and  one-half  hundredweights  of  CaSOi,  2H2O.  The  latter  is 
allowed  to  settle  and  the  solution  of  sodium  phenolates  run  off,  the  calcium 
sulphate  being  washed  on  a  filter.  The  sodium  phenolate  solution  is  now 
treated  with  carbon  dioxide  (from  furnace  fires  or  from  lime-kiln) ;  the 
phenoloids  thereupon  are  liberated  and  separate  as  an  oily  fluid,  floating  on 
the  surface  of  the  sodium  carbonate  solution.  They  can  now  be  used  over 
again  for  decomposing  a  new  lot  of  NaoS04,  as  before.  The  NaoCOa  solution 
still  contains  about  one  per  cent,  of  its  bulk  of  phenoloids,  and,  to  prevent 
their  being  carried  off  with  the  steam  on  evaporation,  a  little  caustic  soda  is 
added.  The  NaoCOs  is  then,  after  evaporation,  separated  as  "fished  salts," 
in  the  usual  way,  the  phenoloids  remaining  in  the  red  liquor  (or  rather  in 
what  would  correspond  to  the  red  liquor,  as  in  this  case,  there  are  no 
sulphides    present),    and  are,    of    course,   united  with    the   main     quantity 
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separated  previously.  The  fished  salts  are  calcined  as  usual  and  sold  as 
soda  ash. 

By  this  process  phenoloids  are  lost,  (i)  by  mechanical  adherence  to  the 
"fished  salts,"  and  (2)  by  retention  in  the  calcium  sulphate  precipitate; 
the  latter  loss  being  the  more  important.  The  total  loss  amounts  to  about 
twenty  gallons  of  phenoloids  per  ton  of  Na^COs  produced.  By  using  oils  con- 
taining phenoloids,  instead  of  the  distilled  article,  the  cost  of  the  phenoloids 
proper  would  be  about  five  pence  per  gallon.  The  net  result  of  all  of  which 
being  that  about  $2  worfh  of  phenoloids  must  be  added  afresh  for  each  ton 
of  soda  ash  made.  There  appears  to  be  no  difficulty  in  obtaining  an  abun- 
dant supply  of  the  oils  at  the  above  figure. 

The  process  is,  of  course,  as  applicable  to  potassium  salts  as  to  sodium, 
and  the  sulphites  may  be  used,  when  possible,  instead  of  the  sulphates. 

The  whole  idea  has  been  developed  so  far  only  on  a  small  scale,  but  the 
above  paper,  in  which  it  is  described  (of  eight  pages  length),  excited  much 
interest.  The  application  of  organic  compounds  to  the  soda  industry  is  a 
new  departure.  P. 

On  the  Molecular  Weight  of  Aluminium  Compounds. — Roux  and 
Louise  {^Biil  Soc.  Chim.,  50,  497),  have  determined  the  vapor  densities  of 
aluminium  methyl  and  aluminium  ethyl  by  Victor  Meyer's  method  in  an 
atmosphere  of  nitrogen.  Within  40°  of  the  boiling  points  of  the  substances, 
the  densities  correspond  exactly  with  the  formula  Al-X" ;  they  then  gradually 
diminish,  and  the  decrease  is  due  to  decomposition  of  the  vapors.  The  fact 
of  decomposition  was  shown  by  passing  the  vapor  of  aluminium  ethyl  through 
a  glass  tube  heated  to  380°,  the  walls  of  the  tube  then  becoming  lined  with  a 
deposit  of  aluminium.  By  the  method  of  Raoult,  ethylene  bromide  being 
employed  as  a  solvent,  the  molecular  weights  found  for  the  ethyl,  propyl  and 
isoamyl  compounds  of  aluminium,  correspond  with  the  molecular  formula 
APX".  W.  H.  G. 

On  THE  Preparation  of  Concentrated  Formic  Acid. — M.  Maquenne 
{Bui.  Soc.  Chim  ,  50,  662)  recommends  that  dilute  formic  acid  (45-50  per 
cent.)  be  concentrated  by  distillation  with  an  equal  weight  of  concentrated 
sulphuric  acid  under  reduced  pressure.  The  acid  so  obtained  is  about  eighty- 
five  per  cent,  pure  ;  loss  three  per  cent.  A  second  distillation  of  this  product, 
with  half  its  weight  of  sulphuric  acid,  gives  an  acid  of  ninety-eight  per  cent., 
the  loss  being  six  per  cent.  The  temperature  must  not  be  raised  above 
75°,  and  the  quantity  of  sulphuric  acid  employed  must  be  less  than  that 
which,  with  the  water  of  the  formic  acid,  would  yield  the  crystallizable  hydrate, 
H°SO*  4-  H-'O.  The  formic  acid  retained  by  the  sulphuric,  and  which  con- 
stitutes the  loss,  may  be  recovered  by  diluting  with  water  and  redistilling. 
W.  H.  G. 

On  the  Rapid  Analysis  of  Water  for  Industrial  Uses,  with  a 
View  to  its  Chemical  Purification.— Leo  Vignon  {Bu/.  Soc.  Chim., 
60,  598)  determines  the  uncombined  carbonic  acid  by  a  standard  solution 
of  calcium  hydroxide,  so  finding  the  amount  of  lime  necessary  to  saturate  the 
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free  acid.  The  quantity  of  sodium  carbonate  required  to  throw  down  as  car- 
bonates the  soluble  salts  of  calcium  and  magnesium  is  then  estimated  by  the 
aid  of  a  standard  sodium  carbonate  solution.  In  each  case  phenol-phtha- 
lein  is  employed  as  an  indicator,  W.  H.  G. 


On  the  Detection  of  Salicylic  Acid  in  Reer. — H.  Elion  {Recueil 
de  Travaux  C/u'/niques,  7,  211)  recommends  that  the  beer  be  shaken  with 
two  or  three  times  its  volume  of  ether  ;  after  separation  of  the  latter  liquid  it 
is  agitated  with  a  small  quantity  of  slightly  alkaline  water.  If  salicylic  acid 
be  present  in  quantities  of  five  to  ten  grammes  per  hectolitre,  and  the  operation 
be  performed  on  100  cc.  of  beer,  the  reaction  of  salicylic  acid  with  ferric 
chloride  is  sufficiently  marked  in  the  aqueous  liquid  after  acidifying  with 
hydrochloric  acid.  If  much  smaller  proportions  of  the  acid  be  present,  the 
acidified  aqueous  liquid  should  be  shaken  out  with  ether,  and  the  test  made 
on  the  dry  residue  after  evaporating  the  ether.  The  author  also  describes  a 
satisfactory  method  for  the  estimation  of  salicylic  acid.  W.  H.  G. 


Potassium  Metabisulphite.— J.  M.  Eder  (Phot.  Corresp.,  25,  416, 
from  Journ.  Soc.  C/iein.  Ltd.).  Potassium  metabisulphite  (K.^SO;,  SO2)  is  used 
in  place  of  sodium-hydrogen-sulphite  to  preserve  pyrogallol  solutions.  It  is 
prepared  by  saturating  a  solution  of  potassium  carbonate  with  sulphurous 
anhydride  and  adding  alcohol.  The  salt  separates  as  a  white  crystalline 
powder  and  is  washed  with  alcohol. 


Citric  Acid  in  Cow's  Milk.— F.  Soxhiet  [Bied.  Centr.,  17,  7S7-788). 
G.  T.  Haekel  has  confirmed  the  existence  of  citric  acid,  as  calcic  citrate,  in 
normal  milk.  THe  examination  of  many  samples  shows  the  presence  of 
about  01  per  cent,  citric  acid.  A  good  cow  yields  daily,  therefore,  as  much 
citric  acid  as  is  contained  in  two  or  three  lemons.  S.  C.  H. 


Report  on  the  Chemical  Constitution  of  Natural  Gas. — F.  C'. 
Phillips.  (From  the  Official  Report  of  the  Geological  Survey  of  Pennsylvania). 
A  number  of  samples  of  gas  taken  from  various  borings  in  the  oil  region 
consisted  essentially  of  hydrocarbons  of  the  paraffin  series,  with  about  nine 
to  fifteen  per  cent,  nitrogen. 

Carbon  dioxide  was  present  in  all  the  samples  in  small  quantities  (frac- 
tions of  one  per  cent.),  and  ammonia,  oxygen,  sulphuretted  hydrogen 
and  hydrogen  were  found  in  traces  in  some  instances. 

Of  the  hydrocarbons,  methane  predominates;  numbers  of  unsaturated 
series  are  entirely  absent. 

One  hundred  cubic  feet  of  the  gas  was  found  to  have  a  heating  effect, 
varying  with  the  different  samples,  equivalent  to  from  seven  to  nearly  nine 
pounds  of  pure  charcoal.  S.  C.  H. 

The  Absorption  of  Gases  by  Petroleum. — S.  Gniewosz  and  A. 
Walfisez.  Zeitsch.  f.  Phys.  Chc?n.,  1,  70.  (From  i\\e,  fourtt.  Soc.  Chcm.  Ind.) 
The    coefficient  for  the  absorption  of  oxygen   and    many    other  gases    by 
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petroleum  is  much  higher  than  that  for  water.  The  authors  consider  it. 
therefore,  illusory  to  try  to  protect  liquids  from  oxidation  by  covering  them 
with  a  layer  of  petroleum. 

Constituents  OF  Sugar  Cane.— Winter.  {Zeitsch.  f.  Znckerind,  1888, 
780.  The  author  states  that  levulose  is  not  present  in  normal  ripe  sugar  cane, 
and  that  the  leaves,  while  containing  cane  sugar  and  glucose,  are  also  free 
from  levulose.  Hence,  he  concludes  that  the  assumption  that  cane  sugar  is 
formed  by  the  condensation  of  levulose  with  glucose  is  no  longer  tenable. 
Other  constituents  of  the  cane  were  also  examined.  S.  C.  H. 


The  Plastering  of  Wine  in  France. — Report  of  the  United  States 
Commercial  Agent,  at  Limoges.  Board  of  Trade  Journal,  1888,  439. 
The  addition  of  sulphate  of  lime  to  wine  is  known  as  "plastering."  It  is 
said  that  by  this  means  the  fermentation  is  increased,  rendered  more  rapid  and 
complete,  and  that  the  wine,  while  improved  in  color,  has  its  keeping  prop- 
erties enhanced.  Acid  sulphate  of  potash  is  thus  virtually  substituted  for  the 
bitartrate  of  potash.  Free  sulphuric  acid  is  formed  in  wines  which  have 
been  plastered.  The  Academy  of  Medicine,  at  Paris,  is  now  discussing 
whether  the  practfce  is  desirable,  and  what  effects  the  changes  induced  by 
the  sulphate  of  lime  on  the  mineral  constituents  of  wine  are  likely  to  have 
upon  the  health  of  the  consumer.  S.  C.  H. 

On  the  Occurrence  of  Boric  Acid  in  Wine. — Georg  Baumert, 
Berichtc,  21,  3.290.  The  author  confirms  the  observations  of  Ripper  & 
Soltsien  with  regard  to  the  occurrence  of  boric  acid  in  the  leaves  and  wood 
of  the  vine  ;  and  like  these  chemists  insists  that  boric  acid  must  in  future  be 
regarded  as  one  of  the  normal  constituents  of  the  ash  of  wine.  A  large 
number  of  wines  from  San  Francisco,  Spain,  France  and  Germany  were 
examined.  S.  C.   H. 

On  Pyrouine,  \  New  Antipyretic. — J.  Dreschfeld.  Medical  Chron., 
9,  89-99.  From  the  Jonrn.  of  Soc.  C/iem.  Ind.  The  active  ingredient 
of  pyrodine  is  acetyl-phenyl-hydrazine  C0H5.N2H2.C2H3O.  It  is  a  white 
almost  tasteless,  crystalline  substance,  possessing  more  powerful  antipyretic 
properties  than  either  antipyrine,  antifebrine  or  phenacetine.  Dose,  two  to 
four  grains  for  children  ;  eight  to  twelve  for  adults.  It  should  not,  as  a  rule, 
be  given  oftener  than  once  in  eighteen  to  twenty-four  hours,  on  account  of  its 
toxic  properties,  but  as  the  temperature  is  kept  low  for  a  longer  period  than 
by  the  use  of  other  substances  this  is  very  rarely  necessary.  S.  C.   H. 
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CORRESPONDENCE. 


To  the  Committee  on  Publications. 

Gentlemen  : — Having  observed,  in  a  communication  to  the  Photographic 
News,  a  criticism  of  certain  claims  which  I  made  in  a  paper  read  before  the 
Franklin  Institute,  in  November  last  [Journal  of  the  Franklin  Insti- 
tute, January,  p.  54.],  I  addressed  the  following  reply  to  the  editor  of  that 
journal,  and  would  like  to  have  the  same  published  also  in  the  Journal  of 
THE  Franklin  Institute.  F.  E.  Ives. 

Mr.  C.  H.  Bothamley,  in  the  Photographic  Ne^as,  January  nth,  says: 
"Recently  Ives  has  described  a  process  of  heliochromy,  of  which  he  says,  '  I 
claimed  for  this  process  that  unlike  any  similar  process  yet  suggested,  it  was 
based  upon  a  true  conception  of  the  nature  of  light  and  color-vision,  and  was 
a  strictly  scientific  method  of  accomplishing  the  object  sought  after.'  Now, 
as  a  matter  of  fact,  a  strictly  scientific  process  of  the  same  character  was 
described  by  Dr.  Vogel,  in  1885.  Moreover,  Vogel's  process  does  not  differ 
very  greatly  from  the  later  process  of  Ives." 

By  this  time,  I  am  well  used  to  having  my  original  inventions  and  dis- 
coveries claimed  for  others,  but  I  am  surprised  that  so  intelligent  a  writer  as 
Mr.  Bothamley  should  have  failed  to  see  at  once  that  there  is  a  very,  very 
great  difference  between  Dr.  Vogel's  process  and  my  own.  It  is  even  some- 
what amusing  to  know  that  while  some  are  professing  not  to  be  able  to  see 
any  essential  difference  between  my  principle  and  that  of  Hauron,  others 
may  be  equally  unable  to  see  the  difference  between  it  and  one  that  calls  for 
the  production  of  more  than  twice  as  many  negatives,  and  in  no  way,  even 
remotely,  suggests  my  plan  of  representing  most  of  the  primary  spectrum 
colors  by  color  mixtures.  I  am  sure  a  comparison  of  the  three  methods  must 
make  it  evident  to  any  unprejudiced  person  that  each  one  is  vitally  different 
from  either  of  the  others. 

Hauron's  principle,  as  nearly  as  I  have  been  able  get  at  it,  was  simply  that 
of  making  sets  of  heliochromic  negatives  by  exposing  sensitive  plates  through 
"orange,  green  and  violet  glasses,"  and  from  these  negatives,  prints  in  blue, 
red  and  yellow  pigments,  superimposed  on  a  white  surface.  Although  no 
approved  theory  of  the  nature  of  light  and  color-vision  warrants  such  an 
assumption,  Hauron  assumed  that  this  method  should  produce  pictures  cor- 
rectly reproducing  the  light  and  shade  and  color  of  the  objects  photographed. 

Dr.  Vogel's  principle  is  stated  by  Mr.  Bothamley,  in  the  Photographic 
News,  September  9,  1887,  as  follows:  "Vogel  proposes  to  make  a  much 
larger  number  of  images,  and  to  use  sensitizers  corresponding  with  every 
region  of  the  spectrum — for  example,  napthol  blue  for  red,  cyanine  for 
orange,  eosine  for  yellow,  safranine  for  green,  and  fluorescein  for  bluish 
green,  the  ordinary  sensitiveness  of  the  plate  being  sufficient  for  blue  and 
yiolet.     In  taking  the  negatives  the  intensity  of  the  blue  and  violet  must  be 
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reduced  by  means  of  a  yellow  screen.  The  fragmentary  images  thus 
obtained  are  transferred  to  stones,  and  each  is  printed  in  a  color  comple- 
mentary to  that  part  of  the  spectrum  to  which  the  particular  plate  was  sensi- 
tive. This  complementary  color  is  found,  however,  in  the  dye  which  is  used 
to  sensitize  the  plate."  Mr.  Bothamley  adds,  "it  is  obvious  that  the  greater 
the  number  of  spectrum  regions  represented  by  separate  images  in  this  way, 
the  more  accurate  will  be  the  reproduction  of  the  different  shades  and  varia- 
tions of  color."  In  short,  Dr.  Vogel's  principle  really  calls  for  a  different 
negative  and  print  for  each  primary  spectrum  color,  of  which  there  may  be 
said  to  be  either  seven  or  a  thousand,  although  even  at  the  least  estimate, 
which  is  quite  unscientific,  the  number  is  already  so  great  as  to  make  the 
process  absolutely  unworkable  wherever  it  is  necessary  to  expose  all  the 
plates  simultaneously,  as  in  landscape  photography.  It  is  also  certain  that 
no  known  color-sensitizers  will  sensitize  bromide  of  silver  for  such  narrow 
bands  of  the  spectrum  exclusively.  The  process  is  not  scientific,  because  it 
is  impossible.  My  own  method  is  perfectly  distinct  from  Hauron's,  in  that  1 
do  not  expose  sensitive  plates  through  "orange,  green  and  violet  glasses," 
and  from  Vogel's,  in  that  I  do  not  make  separate  negatives  for  each  region 
of  the  spectrum,  but  only  three,  and  m  such  a  manner  as  to  secure  curves  of 
intensity  which  correspond  to  the  action  of  the  light  rays  upon  the  sets  of 
nerve  fibrils  which  produce  color-sensation.  This,  in  fact,  is  my  principle, 
which  is  undoubtedly  new  and  true,  and  is  carried  out  by  exposing  color- 
sensitive  plates  through  compound  color-screens,  which  have  been  adjusted 
by  experiment  in  photographing  the  spectrum  itself,  until  they  yield  nega- 
tives having  curves  of  intensity  like  the  curves  of  a  diagram  correctly  repre- 
senting the  action  of  the  spectrum  upon  the  sets  of  nerve  fibrils  in  the  eye. 
A  knowledge  of  the  true  nature  of  light  and  color-vision  makes  it  evident 
that  there  is  no  theoretical  requirement  for  more  than  three  negatives,  with 
which  accurately  to  reproduce  the  color  effect  of  every  part  of  the  spectrum, 
and  of  every  natural  color,  provided  that  these  negatives  are  made  according 
to  this  principle. 


BOOK  NOTICES. 


An.nual  Report  OF  THE  Chief  OF  the  Bureau  of  Steam  Engineering 
FOR  THE  Year  1888.  Government  Printing  Office,  Washington.  1888. 
pp.  loi.     10  plates. 

The  annual  report  of  Engineer-in-Chief  George  W.  Melville,  U.S.N.,  is 
one  of  the  most  interesting  sent  out  from  the  Bureau  of  Steam  Engineering 
for  a  number  of  years.  The  general  work  of  the  Bureau  is  first  treated  of, 
showing  briefly  the  work  done  at  the  different  navy  yards  and  on  board  each 
vessel  in  the  naval  service.  A  statement  is  made  of  the  repairs  and  work 
necessary  to  keep  the  ships  efficient,  and  of  what  will  be  of  considerable 
interest  to  the  public  generally,  the  condition  of  the  machinery  for  the  new 
vessels.  The  details  of  all  changes  of  designs  authorized  are  made  matters 
of  public  record.     Each   navy   yard   is  taken  up,  and  a  recommendation   is 
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made  for  the  purchase  of  the  machine  tools  necessary  to  equip  the  various 
shops  for  the  proper  handling  of  heavy  work.  The  questions  relating  to  per- 
sonnel are  presented  in  such  a  way,  that  the  necessity  for  an  increase  in  the 
engineer  force  to  fulfil  the  requirements  of  the  new  navy  cannot  be  denied. 
The  necessity  of  properly  training  enlisted  men  to  perform  the  duties  of  the 
fire  room,  under  the  new  conditions  of  forced  draft,  is  strongly  set  forth,  as 
well  as  the  need  of  first-class  mechanics  as  machinists,  boiler-makers,  etc. 

It  is  when  it  speaks  of  the  experimental  work  carried  on  by  the  Bureau, 
that  the  value  of  the  report  will  be  most  clearly  recognized  by  the  general 
engineering  public.  The  subjects  of  the  reports  of  experimental  work  cover  a 
considerable  range,  and  when  it  is  remembered  that  they  were  made  by 
officers  temporarily  taken  from  other  work,  the  results  show  how  great  an 
amount  of  valuable  data  can  be  obtained  at  little  expense  under  efficient 
direction. 

The  Chief  of  Bureau  recommends  that  an  experimental  board  of  engineers 
be  appointed  to  make  investigations  looking  to  the  increase  of  efficiency  of 
naval  machinery  of  all  kinds.  It  is  to  be  hoped  that  this  recominendation 
will  be  speedily  carried  out. 

While  the  reports  themselves  can  not  be  dealt  with  here,  the  following  list 
of  subjects  will  show  that  they  are  well  worth  reading : 

The  Belleville  Boiler  of  the  Steam  Yacht  Skeanuater. 

Tests  of  an  Old  and  a  New  Type  Herreshofif  Boiler. 

The  Hohenstein  Engine  and  Steam  Generator  (Naphtha). 

Boiler  Tests  of  the  U.  S.  S.  Swatara  (forced  draft). 

The  Trials,  with  Petroleum  as  a  Fuel,  of  the  Burner  of  the  Petroleum  Fuel 
and  Motor  Company,  fitted  to  a  Locomotive. 

Tests  of  a  Thompson  and  a  Tabor  Indicator. 

Comparative  Tests  of  "Magnolia"  Metal  and  "  A  "  White  Brass  (Anti- 
friction Metals). 

Tests  of  Aluminium  and  Navy  Bronzes. 

Tests  of  Navy  Bronze  and  Bronze  made  by  the  De  oxidized  Metal  Com- 


pany. 


H.  W.  S. 


Twenty  Yeaks  with  the  Indicator.      By    Thos.  Pray,  Jr.     New  York: 
John  Wiley  &  Sons. 

This  is  an  eminently  practical  work,  written  by  a  thoroughly  practical  man 
on  a  subject  he  fully  understands,  and  is  in  every  way  adapted  to  the 
wants  and  understanding  of  those  to  whom  it  is  addressed. 

It  is  fully  and  correctly  illustrated,  and  clearly  explains  every  point  in 
language  easily  understood  by  working  engineers,  carefully  avoiding  the  dis- 
play of  formulas  which  often  obstruct  the  understanding  of  other  works  on 
the  same  subject,  when  read  by  those  not  learned  in  such  mysteries,  for  mys- 
teries they  appear  to  be  when  out  of  the  hands  of  men  not  schooled  in  the 
higher  academies  and  colleges. 

The  examples  cited  and  explained  in  detail  impart  a  kind  of  instruction 
to  be  had  in  no  other  way,  and   the  precauLions  against  mistake,  which  are  a 
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most  important  part  of  the  knowledge  required  to  realize  the  proper  informa- 
tion and  correct  inferences  therefrom  in  using  the  steam-engine  indicator, 
give  it  a  value  that  does  not  appear  in  any  other  publication  on  the  subject. 
Every  steam-engine  user  can  profit  by  its  perusal.  No  person  with  an 
extended  experience  among  practical  engineers  in  the  use  of  indicators  can 
fail  to  realize  that  it  is  the  work  of  an  author,  not  only  completely  conversant 
with  his  subject,  but  also  happy  in  adapting  his  explanations  to  the  capacity 
of  the  readers  whom  it  will  most  benefit. 

Some  additional  valuable  information  and  recipes  are  added,  and  a  tabu- 
lated showing  of  areas  and  diameters  of  circles,  which  are  useful  for  refer- 
ence in  computing  diagrams.  It  might  probably  be  improved  for  the  use  of 
many,  if  a  table  of  multipliers  to  find  the  horse-power  of  piston  duty  per 
pound  average  or  mean  pressure  were  added,  similar  to  that  published  by 
Paul  Stillman,  of  the  Novelty  Works,  about  thirty  years  since,  in  which  from 
reference  to  a  side  column  of  diameters  of  cylinders,  combined  vvith  a  head- 
line of  piston  speeds  per  minute,  the  intersections  showed  a  ready  multiplier 
for  ascertaining  the  horse-power  for  each  pound  of  average    piston  pressure. 

Whilst  there  are  many  that  would  not  care  for  this,  there  are  more  who 
could  use  it  with  satisfaction  and  time  saving. 

It  is  due  to  Mr.  Pray  to  say  that  his  publications  on  this  subject  have 
had  great  influence  in  producing  the  growing  appreciation  of  the  steam- 
engine  indicator  as  a  valuable  and  reliable  means  of  detecting  imperfec- 
tions in  the  construction  and  working  of  steam  engines,  and  in  suggesting 
remedies  and  opportunities  for  economy,  and  this  is  mainly  due  to  the  clear 
and  familiar  explanation  and  understanding  of  the  subject  he  has  imparted 
to  practical  engineers  and  mechanics  ;  in  short,  it  is  a  work  that  commends 
itself  to  them  upon  simple  inspection  as  the  best  extant  on  the  subject. 

S.  L.  W. 


The  Principles  of  Thermodynamics.  By  Robert  Rontgen.  Translated 
by  A.  Jay  Uu  Bois,  Ph.D.  Second  edition.  New  York:  John  Wiley  & 
Sons.     1888.     pp.  XX  and  707. 

This  second  edition  is  much  more  satisfactory  than  the  first,  for  several 
reasons.  In  the  first  place,  the  attempt  to  teach  thermodynamics,  without  ths 
aid  of  calculus,  is  extremely  difficult  for  the  teacher  and  generally  unsatis- 
factory to  the  pupil.  The  present  edition  contains  sufficient  calculus  to  give 
one  a  good  idea  of  the  general  principles  underlying  the  subject.  The  first 
edition  contained  practically  none.  Another  improvement  is  the  addition  of 
the  English  units.  The  French  system  is  still  retained  and  the  formulae  for 
English  units  are  also  given.  The  labor  of  changing  quantities  from  one  set 
of  units,  to  use  in  a  formula  whose  constants  are  in  another  set,  makes  almos't 
any  work  of  this  kind  written  in  French  units  useless  for  quick  work,  and  the 
trouble  is  only  taken  a  few  times  and  the  book  is  then  thrown  aside. 

Writers  often  do  not  realize  that  books  that  are  to  be  used  as  reference 
books  for  engineers  must  be  written  in  the  units  that  the  engineer  uses,  and 
these  are  feet  and  pounds  in  this  country. 
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There  is  one  other  improvement  to  be  noted,  and  that  is  the  compara- 
tively small  number  of  typographical  errors.  The  first  edition  was  full  of 
mistakes;  this  one  has  very  few. 

The  book  is  divided  into  two  parts.  The  first  part  treats  of  general  prin- 
ciples and  of  hot-air  and  gas  engines.  The  second  part  treats  of  steam  and 
steam  engines.  The  first  six  chapters  in  each  part  will  give  one  a  fair  idea 
of  the  general  theory  of  the  subject  and  can  be  grasped  without  any  great 
mental  effort.  A  little  calculus  even  here  would  save  a  good  many  pages  of 
plodding,  and  to  the  general  body  of  students  would  be  more  satisfactory, 
and  there  are  very  few  who  would  take  up  a  volume  of  this  kind  to  study  it 
who  had  not  some  idea  of  calculus. 

In  the  first  part  of  the  work,  immediately  following  the  preliminary 
chapter  is  a  discussion  of  the  Ericcson  hot-air  engine,  the  hot-air  engines  of 
Laubereau  and  Lehman  and  the  gas  engines  of  Otto  and  Laugen.  This  part 
of  the  work  is  the  same  as  in  the  first  edition,  and  is,  to  a  certain  extent, 
ancient  history.  The  indicator  is  described  in  the  introduction,  and  the  addi- 
tion of  indicator  diagrams  to  the  work  on  the  gas  engine  especially  would 
have  made  it  clearer.  A  discussion  of  the  gas  engines  usually  found  in  this 
country  would  have  been  of  great  value  for  matters  of  reference.  The 
naphtha  and  petroleum  engines  and  ice  machines  might  well  have  been 
included  in  the  same  part  of  the  work  and  would  have  added  immensely  to 
its  value. 

The  corresponding  portion  of  the  second  part  treats  of  surface  and  jet 
condensers,  areas  of  safety  valves  and  the  injector.  One  chapter  and  an 
appendix  is  devoted  to  superheated  steam  and  is  all  that  could  be  desired. 
Two  chapters  are  devoted  to  discussing  the  more  important  principles  which 
should  govern  the  construction  of  the  steam  engine  and  to  making  a  set  of 
calculations  for  the  same. 

The  introduction,  consisting  of  two  lectures  by  Prof.  Verdet  with  notes, 
occupies  ninety-seven  pages,  which,  as  the  translator  says,  forms  an  admirable 
summary  of  the  whole  field,  but  might  well  have  been  omitted.  A  student 
could  not  read  them  with  profit,  and  the  general  engineer  would  not. 

The  examples  for  practice  which  occur  at  the  end  of  each  division  of  the 
work,  have  been  increased  in  number,  but  the  answers  given  to  quite  a  number 
of  them  are  incorrect.  Tables  for  saturated  steam  are  given,  and  for  the  vapors 
of  ether,  acetone,  chloroform,  chloride  of  carbon,  and  bisulphide  of  carbon. 

Taken  as  a  whole,  the  work  is  one  of  the  best  of  its  kind  in  English,  and 
should  be  in  the  library  of  every  one  desiring  a  thorough  knowledge  of  the 
sGbject.  As  a  reference  book  it  is  now  in  fair  shape,  the  only  objection  being 
that  it  is  too  large  a  work  for  one  not  a  student  to  read,  understand,  and  be 
able  to  use  with  facility.  H.  W.  S. 


Modern  Heliographic  Processes.     By  Ernst  Lietze,   M.E.     New  York: 
D.  Van  Nostrand  Company.     1888.     j<3. 

This  is  probably  the  only  work  on  photography  in  the  English  language, 
which   is  adapted  to  the  special  use  of  engineers,  architects  and  draughts- 
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men,  who  may  wish  to  employ  light  for  copying  drawings,  engravings  and 
manuscripts.  More  than  thirty  processes  are  given,  with  specimen  prints  by 
eight  of  them,  employing  chloride  of  silver,  citrate  of  iron,  bichromate  of 
potash  and  nitrate  of  uranium  as  the  sensitive  salts.  Two  chapters  are 
devoted  to  printing  frames  and  devices  and  machinery  for  sensitizing  the 
paper,  and  one  to  a  table  of  the  chemicals  employed,  giving  their  French 
and  German  names,  molecular  weights  and  molecular  formuhe,  composition, 
price  and  remarks  relating  to  their  properties  and  preparation.  The  author 
has  tested  most  of  the  formulae  which  he  gives,  and  fairly  states  the  advan- 
tages and  disadvantages  of  the  different  kinds  of  processes.  The  book 
admirably  fulfils  its  purpose.  Y .  E.  I. 


SCIENTIFIC  NOTES  and  COMMENTS. 


ENGINEERING. 

The  CiNCiNNATi-CoviNGTON  RAILWAY  BRIDGE. — The  long  span  bridge 
over  the  Ohio  between  Cincinnati  and  Covington  which  was  opened  on  Christ- 
mas day,  1888,  is  another  of  the  many  triumphs  secured  by  the  Phoenix  Bridge 
Company,  under  difficult  circumstances,  and  shows  the  great  resources  and 
energy  of  this  well-known  firm. 

In  the  face  of  three  severe  freshets,  which  caused  rises  in  the  Ohio  of 
from  twenty-five  to  twenty-seven  feet  above  the  ordinary  stage,  the  company 
succeeded  in  erecting  this  great  bridge  of  nearly  a  mile  in  length  and  weigh- 
ing about  10,000  tons,  in  a  little  more  than  nine  months.  The  longest 
span  is  550  feet  in  length  by  84  feet  in  depth  at  the  centre.  The  adjacent 
spans  are  each  490  feet,  and  these  three  river  spans,  with  the  approaches 
make  an  aggregate  of  4,811  feet.  During  the  erection  of  the  Covington  span 
in  July  and  August,  the  staging  was  forced  down  stream  about  one  foot  by  a 
flood.  On  August  26th,  the  channel  span,  of  which  about  700,000  pounds 
were  in  place,  with  its  falseworks,  was  carried  away  by  a  large  raft  of  drift. 
Within  four  days  the  work  of  replacing  it  was  begun,  and  in  five  weeks'  time 
the  entire  staging,  two  travellers  and  1,200  lineal  feet  of  pile  protection,  were 
in  place,  with  the  iron  and  steel  floor  again  on  the  falseworks. 

The  entire  span  was  rebuilt  and  erected  by  October  28th,  or  nine  weeks 
after  work  was  commenced.  Just  before  the  coupling  of  the  last  panel, 
another  severe  storm  raised  the  water  twenty-seven  feet,  preventing  the  im- 
mediate completion  of  the  north  span  until  December  9th,  when  the  floor 
work  was  run  out  and  the  entire  span,  490  feet  long,  was  coupled  up  on 
December  25th,  making  sixteen  working  days.  But,  in  this  case,  by  the 
use  of  electric  lights,  the  work  was  prosecuted  by  night  as  well  as  by  day. 

The  Kinzua  viaduct,  erected  by  this  same  company,  was  regarded  at  the 
time  as  a  very  remarkable  instance  of  rapid  construction,  but  it  is  eclipsed  by 
the  Cincinnati  bridge,  both  in  time  and  difficulties.*  ^  H. 

•  Abstract  from  Engineering  News  of  January  12,  1889. 
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Is  "  Deep  Water  Assured"  at  Galveston? — The  Chief  of  Engineers 
in  reply  to  an  inquiry  from  Congressman  Grain,  of  Texas,  as  to  the  defects 
of  the  existing  methods  of  making  appropriations  for  rivers  and  harbors,  and 
as  to  the  cost  of  the  projected  improvements  at  Galveston  and  other  Texas 
points,  says  : 

"  The  Board  of  Engineers,  to  which  the  subject  of  the  improvement  of  the 
entrance  to  Galveston  harbor  was  referred,  in  a  report  dated  January  21, 
188^,  estimated  the  cost  of  jetties  completed  to  the  thirty-foot  depth  of  water 
outside  at  $7,000,000,  their  aggregate  length  being  54,000  feet.  The  esti- 
mated cost  of  the  jetties  out  to  the  crest  of  the  bar,  §3,000,000,  and  that  this 
amount  would  probably  give  two-thirds  of  the  depths  that  jetties  carried  out 
to  the  thirty-foot  curves  would  give.  These  estimates  suppose  that  the 
money  would  be  supplied  as  fast  as  needed,  but,  in  the  opinion  of  the  Board, 
the  depth  which  the  jetties  will  maintain  cannot  be  stated  with  precision. 
The  case  differs  widely  from  that  of  the  South  Pass  of  the  Mississippi,  where 
the  scouring  current  results  from  the  overflow  of  a  large  river.  At  Galveston, 
before  the  water  can  flow  out  (to  produce  scour)  the  tidal  basin  must  be  filled 
from  the  sea,  and  the  area  of  the  inflow  is  materially  affected  by  the  necessary 
contraction  caused  by  the  construction  of  the  jetties.  For  this  reason  the 
problem  is  somewhat  indeterminate,  and  it  is  impossible  to  foretell  with  exact- 
ness the  depth  which  can  be  obtained  with  the  works  that  were  projected." 

This  opinion  is  a  strong  confirmation  of  the  position  stated  in  the  article 
on  "Jetties  for  Improving  Estuaries,"  published  in  the  Journal  of  last  April, 
in  which  it  was  said  that  "  Every  construction  on  the  bar  becomes  more  or 
less  of  an  obstruction  to  the  tidal  ingress,  and  consequently  neither  high 
jetties  nor  submerged  jetties  will  satisfy  the  conditions."  Reference  was  also 
made  to  the  universal  experience  with  jetties,  even  where  the  range  of  tide  is 
great  and  ample  provision  is  made  for  sluicing  the  relatively  short  channels, 
at  low  water,  with  unsatisfactory  results.  In  view  of  these  facts,  and  the 
uncertainty  which  our  own  authorities  express  as  to  the  probable  results,  does 
it  not  seem  unjustifiable  and  unnecessary  to  expend  so  large  a  sum  of  money 
for  an  experiment  which  all  similar  precedents  indicate  must  result  in 
failure  ? 

The  best  and  latest  foreign  practice  in  such  cases,  is  not  to  attempt  to 
remove  the  bar,  or  to  cut  a  channel  through  it,  but  to  construct  an  outer 
harbor  or  a  landing  pier. 

The  jetty  already  built  at  Galveston  has  done  considerable  injury,  and  a 
•large  portion  of  the  present  half-  million  appropriation  is  being  expended  in 
protection  work.  Thus,  the  engineer  in  charge  says:  "We  are  extending 
the  jetty-work  toward  the  city.  The  east  end  of  the  island  is  only  two  or 
three  feet  above  mean  high  tide,  and  is  not  an  effective  barrier  between  the 
waters  of  the  gulf  and  bay. 

"  It  is  overflowed  at  every  unusually  high  tide,  and  deep  channels  are  cut 
through  it  during  every  storm.  If  this  were  allowed  to  remain  as  it  is  now, 
the  completion  of  the  jetty-work  would  retard  the  exit  of  the  water  from  the 
bay,  and   would  eventually  lead  to  the  opening  of  a  permanent  channel 
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between  the  bay  and  gulf  through  the  east  end  of  the  island.  In  order  to 
prevent  this  we  are  extending  the  jetty  *  *  *  along  the  bay  side  of  the 
island,"  etc.* 

Thus  it  is  seen  that  the  large  bank  of  sand  collected  by  the  single  jetty 
is  so  great  an  obstruction  to  the  efflux  of  the  tide  as  to  threaten  to  cut  a  new 
channel  between  the  jetty  and  the  city,  and  to  abandon  its  present  outlet. 
The  same  causes  would  operate  to  retard  the  influx  of  the  tide  were  both 
jetties  completed,  but  to  a  much  greater  degree,  and  the  harbor  would  become 
useless,  unless  maintained  by  dredging.  H. 

Some  Facts  Concerning  the  Poughkeepsie  Bridge  over  the  Hud- 
son.!— The  informal  opening  of  this  magnificent  bridge,  on  December  29, 
1888,  by  the  passage  of  a  train  load  of  the  officials,  suggests  that  a  summary 
of  this  difficult  work  should  be  entered  upon  the  pages  of  the  Journal. 

The  Legislature  of  New  York  passed  a  bill,  in  1871,  authorizing  its  con- 
struction, without  piers. 

Capt.  Eads  and  others  advised  that  a  span  of  2,600  feet  was  inexpedient, 
and  the  plan  was  modified  to  include  four  piers,  not  less  than  500  feet  apart 
in  the  clear. 

In  1873,  '^he  Pennsylvania  Railroad  Company  subscribed  51,100,000,  being 
a  controlling  interest  in  the  capital,  which  was  $2,000,000.  On  December 
17,  1873.  the  corner-stone  was  laid,  but  it  was  not  until  1876  that  the  work 
was  actually  begun  under  contract  with  the  American  Bridge  Company,  of 
Chicago.  Three  piers  were  partially  built  by  1878,  when  work  was  again 
suspended  until  1886.  At  this  date  the  Union  Bridge  Company  undertook 
the  contract  to  complete  the  entire  structure,  and  began  work  in  September. 
The  original  525  feet  rectangular  truss  spans  were  modified  by  the  interpola- 
tion of  the  alternate  cantilever  spans  of  530  feet  each. 

The  total  length  beWveen  anchorages  is  3,093  feet  9  inches,  and  with 
the  approaclies  6,767  feet  3  inches.  The  charter  fixed  the  headway  at 
130  feet  above  high  water,  making  the  grade  of  track  212  feet  in  elevation. 

Excavation  for  piers  were  begun  October  8,  1886. 

The  bottom  for  mere  than  100  feet  below  high  water  was  found  to  consist 
of  mud,  clay  and  fine  sand,  succeeded  by  coarse  sand  and  gravel  to  rock  at 
140  feet  depth.  "The  general  design  of  the  pier  is  a  crib  and  grillage, 
extending  from  the  gravel  to  ten  feet  below  high  water ;  on  this  rests  the 
masonry  to  thirty  feet  above,"  and  then  a  steel  tower,  100  feet  high,  to 
pedestals  of  trusses.  The  cribs  are  60  x  100  feet  in  plan  and  about  100  feet 
in  height.  H. 


•  Galveston  Daily  Netvs,  Friday,  October  19,  i8£8. 

t  Condensed  from  the  account,  by  John   F.  O'Rourke,  .as   published  in    the  Transactions  Am. 
Soc.  0/  Civil  Engs.     June,  18S8. 
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Michigan.     Farm  Statistics,  1884-85.  1885-86. 

Joint  Documents,   1843,  i844-  i849.  1851,  1852,  1854,  185510  1857, 

188410  1886. 
Legislative  Manual,  1883,  1885  and  1888. 
Registration  Reports,   1884,  1885,  1886. 
School  for  the  Blind.     Biennial  Report  for  18S5. 
State  Prison  Annual  Reports,  1878  and  1884. 

From  the  Secretary  of  State. 
Minnesota.    Historical  Society.     Biennial    Report,    1889. 

From  the  Society. 

Missouri  Railroad  Commissioners.     Annual  Report  for  1887. 

From  the  Commissioner. 
New  Hampshire.^   Board  of  Health,  1882,  1884,  1886,  1887  and  1888. 

Annual  Reports  relating  to  Births,  Marriages,  1885  and  1886. 

From  the  Board. 
New  Jersey  Agricultural  Experiment  Station.     Annual  Report,   1887.  Bulletin 

34  to  39,  41  to  43,  46  to  49.  From  the  Station. 

New  Jersey  Riparian  Commissioners.     Reports,  1869,  1870,  1871,  1875,  1877. 

1879,  1881  to  1887.  From  the  State  Librarian. 

Newport,  R.  L    Annual  Reports  ofthe  School  Committee,  1884-8510  1887-88. 

From  the  Superintendent  of  Schools. 
Newton,  Mass.     Annual  Report  of  the  City  Engineer,  1883  to  1887. 

From  the  Engineer. 
New  York  Almanac  for  1888.  From  Mr.  S.  H.  Needles. 

New  York  City.     Department  of  Public  Parks,  1872  and  1873. 

From  the  Department. 
New  York  City.     Department  of  Public  Works.    Quarterly  Reports,  Decem- 
ber, 1880,   December.    1881.  1882,  1883,  March,  June,  September,    1884, 
March,  September,  December,  1885,  June,  1888.    From  the  Department. 
New  York  State  Census,  1865.  From  the  Secretary  of  State. 

New  York  State  Board  of  Health.     Annual  Reports,  1885-1888. 

From  the  Board. 
New  York  State  Library.     Annual  Reports,  1887,  1888. 

First   Supplement   to   the   Subject    Index    of   the 
General  Library.  From  the  Librarian. 

North  Carolina.     Annual    Reports  of  the  Agricultural    Experiment  Station, 
1879  to  1883. 
Coal  and  Iron  Counties. 
Ores  of  North  Carolina. 
Report  on  Waters. 
Report  on  Coal  Fields. 

Yxora.  the  Department  of  Agriculture. 
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New  York  State  Land  Survey.     Report  on  the  progress  of. 

From  the  Superintendent  of  Survey. 
New  York  State  Lunatic  Asylum.     Reports  for  1886  and  1887. 

From  the  Asylum. 
New   York    State.     Superintendent    of  Public    Works.     Annual    Report  on 

Canals,  1887.  From  the  Superintendent. 

Ohio.     Agriculture  Experiment  Station.      Bulletin  No.  2  and  3,  1888. 

From  the  Station. 
Commissioner  of  Railroads  and  Telegraphs.     Report,  1887. 

From  the  Commissioner. 
Executive  Documents,  1841  to  1880,  incomplete. 

From  the  Secretary  of  State. 
Geological  Survey    Report.     Vol.  6. 

From  the  State  Geologist. 
Railway  Report.  1883,  1884,  1886. 
State  Board  of  Agriculture.     Annual  Report.      1885. 
State  Department.     Extract  from  the  Report  of  the  ^cretary  of  State. 

1887. 
Statistics.     1887.  From  the  Secretary  of  State. 

Oneida  Historical  Society.     Proceedings,    January,  1889,  meeting. 

From  Gen.  C.  W.  Darling,  Secretary. 
Philadelphia  Board  of  City  Trusts.     Report  for  1887.  From  the  Board. 

Philadelphia  Journal  of  Common  Council.     1886  to  1888. 

Ordinances.     1886  and  1887.  From  the  Councils. 

Philadelphia  Electrical  Bureau.     Report.     1887. 

From  the  Chief  of  Bureau. 
Philadelphia  Photographer.     1865  to  1879.  From  Mr.  J.  C.  Browne. 

Photographic  World.     Vols,  i  and  2.  From  Mr.  J.  C.  Browne. 

Providence,  R.  1.      Annual    Reports    upon    Births,   Marriages    and    Deaths, 

1885  to  1887.  From  the  City  Registrar. 

Rensselaer  Society  of  Engineers.     Selected  Papers.     No.  5.     Vol.  i. 

From  the  Society. 
Richmond,  Va.     Annual  Report  of  the  Board  of  Health  for  1873. 

From  the  Board. 
Sheafer,  P.  W.     Waste  of  Anthracite  in  Mining.  From  the  Author. 

Siberia.     Map  of.  From  the  Century  Company. 

^    Signal  Office,  U.  S.     Daily  International  Chart.     October,  1887. 

Summary  and  Review  of  International  Meteorological 
Observations.     October,  1887.      From  the  Office. 
Steam  and  its  Rivals.  From  Prof.  R.  H.  Thurston. 

Steam  Boilers.  From  Pond  Engineering  Company. 

Treasury  Department,  U.  S.     Report  of  the  Chief  of  the  Bureau  of  Statistics 

on  Foreign  Commerce  for  1888.  From  the  Chief  of  Bureau. 

United  States  Geological  Survey.     Useful  Minerals  of  the  United  States. 

From  the  Survey. 
United  States  Life  Saving  Service.     Report  for  1887. 

From  the  Superintendent  of  Service. 
War  Department  at  the  Centennial  Exposition  of  the  Ohio  Valley. 

From  Capt.  A.  H.  Reisell. 
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Franklin    Institute. 


\^I^oceedings  of  the  Annual  Meeting,   held   Wednesday ,  Jamtary  j6,  i88g.'\ 


Hall  of  the  Institute,  Philadelphia,  January  16,  1889. 
Mr.  Joseph  M.  Wilson,  President,  in  the  Chair. 
Present,  135  members  and  twenty-six  visitors. 

The  Actuary  presented  the  minutes  of  the  Board  of  Managers  and  reported 
that  at  the  meeting  held  Wednesday,  January  9th,  ninety-three  persons  had 
been  elected  to  membership. 

The  following  report  of  the  operations  of  the  Institute,  during  the  year 
1888,  was  presented  by  the  President: 

ANNUAL   REPORT  of  the   BOARD   of   MANAGERS   of   the 

FRANKLIN   INSTITUTE. 

(For  the  year  1888.) 


The  Board  of  Managers  of  the  Franklin  Institute  of  the  State  of 
Pennsylvania  for  the  Promotion  of  the  Mechanic  Arts,  respectfully  presents 
the  following  report  of  the  operations  of  the  Institute  for  the  year  1888  : 

members. 

Membership  at  the  close  of  1887, 2,155 

Number  of  new  members  elected,  who  have  paid 

their  dues 104 

2,259 

Lost  by  death  or  resignation 76 

Dropped  for  non-payment  of  dues, 102 

178 

Total  membership  at  close  of  1888 2,081 

financial  statement. 
Receipts  : 

Balance  on  hand  January  i,  1888, $1,198   49 

Contributions  of  members, $5,261  00 

Bloomfield  H.  Moore  Fund  in  trust,  .     .     .       5,000  00 

Legacy  B.  H.  Bartol,  New  Building  Fund,       5,000  00 

Newbold  R.  Haines,  New  Building  Fund,  5  00 

Certificates  of  second-class  stock,       ...  10  00 

Fund  for  completion  of  serials 150  00 

Interest  on  investments, 1.593  02 

Cash   from  sale  of  Central  R.  R.  of  New 

Jersey  Car  Trust  certificates,  ....       3,000  00 

Cash  from  other  sources 8,859  ^5 

28,878   67 

$30,077    16 


154  Proceedings^  etc.  [  J.  F.  I., 

Payments  : 

Committee  on  Library, $1,380  32 

Committee  on  Instruction, 2,189  95 

Maintenance  and  repairs  to  building,     .     .  1,803  99 

Salaries  and  wages 3,942  00 

Insurance 300  00 

Fund  for  completion  of  serials 1,242  80 

Temporary  loan 1,000  00 

Interest  on  temporary  loan 152  22 

Other  expenditures 6,648  39 

$18,659  67 

Balance  on  hand,  December  31,  1888,     ....     $11,417  49 
Remaining  to  be  paid  on  temporary  loan, 2,000  00 

The  financial  statement  makes  a  better  showing  than  it  did  last  year,  on 
account  of  the  contributions  from  members  being  larger — although  the  defi- 
ciency for  the  year  in  expenditures  over  receipts  is  considerable,  notwith- 
standing the  balance  on  hand  shows  a  little  greater  at  the  end  of  the  year 
than  it  was  at  the  beginning. 

LIBRARY. 

The  Library  has  been  increased  during  the  year  by  3,930  bound  and 
unbound  volumes  and  pamphlets.  Under  the  direction  of  the  Library  Com- 
mittee, a  thorough  verification  of  the  contents  of  the  Library  has  been 
made,  which  has  long  been  needed.  A  new  system  of  rules,  regulating 
the  use  of  the  Library  by  non-members,  has  been  put  in  operation,  with 
satisfactory  results.  During  the  year,  the  Endowment  Fund  of  the  Library 
has  been  increased  by  the  gift  of  an  additional  sum  of  $5,000  to  the  Bloomfield 
H.  Moore  Memorial  Fund,  by  Mrs.  Clara  Jessup  Bloomfield  Moore. 

For  additional  details  of  the  condition  and  operations  of  the  Library,  the 
members  are  referred  by  the  Board  to  the  report  of  the  Committee  on 
Library. 

THE    JOURNAL. 

The  Board  refers  to  the  Journal  with  satisfaction,  since,  in  addition  to 
maintaining  its  excellent  scientific  reputation,  it  has  continued  to  be  self-sup- 
porting. The  publication  of  the  Index  to  the  first  no  volumes,  which  was 
decided  upon  last  year,  has  been  steadily  proceeded  with,  and  at  the  present 
time  is  so  well  advanced  that  its  early  completion  may  be  announced.  As 
this  work,  which  is  quite  onerous,  has  been  voluntarily  assumed  by  the  officers 
of  the  Institute,  and  must  be  taken  up  at  times  when  it  does  not  interfere 
with  their  regular  duties,  the  delay  in  its  completion  will  be  understood. 

The  Board  would  again  commend  the  Journal  to  the  attention  of  the 
members  and  others,  as  worthy  of  a  more  generous  support  than  it  receives. 

LECTURES. 

The  smallness  of  the  appropriation  made  to  the  Committee  on  Instruction 
for  lectures  during  the  past  year,  rendered  it  necessary  to  cut  down  the  number 
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of  the  lectures,  in  order  to  reduce  expenses.  The  Committee  has  succeeded, 
however,  as  heretofore,  in  securing  the  services  of  a  number  of  eminent  men 
to  lecture  without  compensation,  and  its  efforts  to  maintain  the  high  scientific 
character  of  the  work  done  in  this  field  deserve  commendation.  Many  of 
these  lectures,  subsequent  to  their  delivery,  appeared  in  the  Journal. 
During  the  past  year  the  following  lectures  were  delivered,  viz  : 

January      6.     Dr.  C.  B.  Dudley,  one,  on  "  Fuel  Oil." 

January      9.     Prof.  C.  Hanford  Henderson,  one,  on  "Aluminium." 

January    13.     Commander  Allan   D.  Brown,  U.S.N.,  one,  on  "The  Electric 

Distribution  of  Time." 
January     16.     Mrs.  R.  H.  Richards,  one,  on  "  Sanitary  Science  in  the  Home." 
January    20.     Prof.  Wm.    D.   Marks,  one,  on  "The   Duration  of  Incandes- 
cent Electric  Lamps." 
January    23.     Prof.  Chas.  R.  Cross,  07ie,  on  "  The  Determination  and  History 

of  Musical  Pitch." 
January    27.     Mr.  Everett  Hayden,  07ie,  on    '  The  Pilot  Chart  of  the  North 

Atlantic  issued  by  the  U.  S.  Hydrographic  Office." 
January    30.     Mr.  John  E.  Sweet,  one,  on  "  Machine  Designing." 
February    3.     Hon.  Edward  Atkinson,  one,  on  "  The    Growth    of  Manufac- 
tures in  the  United  States." 
February    6.     Mr.  Alex.  E.  Outerbridge,  Jr.,  07ic,  on  "The  Relation  Between 
the  Physical  Properties  and  Chemical  Constituents  of  Cast 
Iron." 
February  10.     Mr.  Wm.  Kent,  M.E.,  one,  on  "Weighing  Machines." 
February  13.     Mr.  Edward  Weston,  one,  on  "  Electro-Metallurgy." 
February  17.     Mr.  E.  A.  Gieseler,  otie,  on  "  Standard  Measures." 
February  27.     Mr.  Fred.  E.  Ives,  f'w^,  on  "Some  Recent  Advances  in   Pho- 
tography." 
N'v'mb'r    5.     Prof.   Lewis   M.    Haupt,  one,  on  "  The   Feasibility   of  Under- 
ground Railroads  in  Philadelphia." 
N'v'mb'r  12.     Frank  J.  Sprague,  one,  on  "Long  Distance  Transmission  of 

Power  by  Electricity." 
N'v'mb'r  19.     Prof.  William  M.  Davis,  one,  on  "Some  American   Contribu- 
tions to  Meteorology." 
D'c'mb'r    3.     Dr.   Persifor    Frazer,    one,    "  Introductory   to    the    Course    on 

Chemistry." 
D'c'mb'r  17.     Dr.  T.  Sterry  Hunt,  one,  on  "Some  New  Points   in   Chemical 

Theory." 
D'c'mb'r  27.     A    Christmas    Lecture    for    the    Children,    by    Dr.    Persifor 
Frazer. 

At  the  present  time,  thanks  to  the  liberality  of  certain  interested  members, 
the  Committee  has  been  enabled  to  introduce  the  feature  of  a  series  of  illustrated 
popular  lectures  on  scientific  subjects,  for  the  benefit  of  the  employes  of  the 
various  manufacturing  establishments,  and  of  the  members  of  the  several 
trades.  These  lectures,  thus  far,  have  been  well  attended,  and  it  is  hoped 
"will  not  only  prove  useful  to  those  for  whose  benefit  they  have  been  arranged, 
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but  will  contribute  also  to  the  popularization  of  the  educational  work  of  the 
Institute. 

drawing  school. 
The  Drawing  School  continues  under  the  same  management,  which  has 
brought  it  into  a  condition  of  high  efficiency  ;  and  the  Board  expresses  its 
satisfaction    with  the  character  of    the  work  done  by  the  director  and  his 
assistants. 

The  attendance  during  the  spring  of  1888  was,       .     .     .'    .     .     203 
And  for  the  Autumn  Term, 179 

Total  attendance  for  the  year 382 

These  figures  exhibit  a  slight  falling  off  as  compared  with  those  of  the 
preceding  year  ;  but  there  is  no  question  that,  with  increased  accommodations 
in  a  new  and  larger  building,  the  size  and  efficiency  of  the  school  can  be 
much  augmented. 

COMMITTEE   ON    SCIENCE   AND   THE  ARTS. 

The  reorganization  of  this  Committee,  which  was  effected  in  1887,  has- 
proved  of  substantial  benefit,  as  is  demonstrated  by  the  greater  efficiency 
and  steady  improvement  of  its  work.  The  Committee,  during  the  past 
year,  has  examined  and  reported  upon  thirteen  applications,  and  has 
now  thirty-seven  cases  under  consideration.  In  one  case,  the  Committee 
awarded  the  Elliott  Cresson  Medal,  and  in  six  cases  recommended  to  the 
Board  of  City  Trusts  the  award  of  the  Scott  Legacy  Premium  and  Medal. 
The  Committee  issued  during  the  year  a  circular-letter,  calling  to  the  attention 
of  inventors  and  discoverers  the  fact  that  the  Committee  was  empowered  to 
award  or  to  recommend  the  award  of  the  Cresson  and  Scott  Medals,  under 
the  impression  that  by  this  means  only  could  the  fact  be  properly  brought  to 
the  knowledge  of  many  deserving  persons.  This  circular-letter  was  widely 
published  in  the  technical  and  scientific  press,  and  has  had  the  result  of 
bringing  many  meritorious  subjects  to  the  Committee  for  consideration. 

SECTIONS. 

The  Chemical  Section  largely  increased  its  membership  during  the  year, 
and  its  work  exhibits  a  most  gratifying  condition  of  activity. 
During  the  past  year,  the  Electrical  Section  was  disbanded. 

STATE   WEATHER   SERVICE. 

The  conduct  of  the  business  of  the  State  Weather  Service  was  continued 
during  the  past  year  under  the  general  direction  of  the  Committee  on  Meteor- 
ology, and  the  service  is  apparently  in  a  satisfactory  condition  of  efficiency. 
The  publications  of  the  Committee  appear  regularly  in  the  Journal,  and  its 
annual  report  appears  in  the  Annual  Report  of  the  Secretary  of  Internal 
Affairs  of  the  Commonwealth. 

reorganization  and    FUTURE   WORK. 

A  most  encouraging  feature  in  the  prosperity  of  the  Institute  has  been  the 
substantial    increase   in  the   number   of  its  members,  and  the  work  is   stiU 
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going  on.  The  move  in  this  direction  was  started  in  October,  under  a  resolu- 
tion appointing  a  committee  for  increase  in  the  membership.  This  Com- 
mittee is  well  organized,  and  great  credit  is  due  to  the  gentlemen  who  com- 
pose it,  for  the  energy  and  good  work  they  have  shown. 

A  few  months  after  the  founding  of  the  Institute,  the  membership  amounted 
to  over  1,600.  Comparing  the  present  size  of  Philadelphia  with  what  it  was 
at  that  time,  it  is  very  evident  that  there  should  be  a  very  much  larger  mem- 
bership than  the  books  have  shown  for  some  years  back.  The  ease  with 
which  the  present  increase  has  been  made,  only  shows  what  can  be  done 
with  a  little  exertion.  Some  of  the  new  members  have  been  particularly  active 
in  this  work.  There  are  very  many  who  would  gladly  join  us,  if  the  subject 
were  only  brought  to  their  attention,  and  the  objects  of  the  Institute  fully 
explained  to  them.  The  annual  income  from  members  is  what  we  mus^ 
depend  upon,  to  keep  up  the  efficiency  of  the  Institute;  and  what  we 
want  now,  is  the  addition  of  about  1,000  or  1,500  members.  With  a  little 
energy  and  enthusiasm  among  those  now  connected  with  us,  it  can  be  done. 

The  Committee  on  Reorganization  has  taken  up  the  question  of  subscrip- 
tions to  the  Building  Fund,  and  it  is  hoped  that,  in  a  very  short  time,  the 
arrangements  will  be  perfected,  and  the  work  of  actively  soliciting  subscrip- 
tions toward  this  object  will  go  on.  In  regard  to  the  wants  of  the  Institute  in 
this  direction,  what  was  said  in  the  last  report  can  only  be  repeated — the 
great  need  of  room  in  the  present  building,  the  lack  of  convenience  in  the 
educational  departments,  an  increase  of  space  for  the  Library,  protection  from 
fire,  and  a  better  location.  Increase  in  membership  will  produce  the  wanted 
annual  income;  subscriptions  to  the  Building  Fund  will  give  the  needed 
buildings. 

Meanwhile,  the  quiet  work  of  the  Institute  goes  on  ;  merchants,  manu. 
facturers,  builders  and  all  the  ticides  are  profiting  by  what  it  does.  But,  like 
still  waters  running  deep,  it  does  not  make  itself  conspicuous  in  this  work 
before  the  world,  and  does  not  receivethesubstantialencouragement  it  needs. 
Perhaps  some  exertion  on  the  part  of  its  members  may  accomplish  this  last 

By  order  of  the  Board.  Joseph  M.  Wilson,  President. 


REPORT  OF  the  COMMITTEE  on  the  LIBRARY. 

The  Committee  on  the  Library  respectfully  reports  that  during  the  year 
1888  there  have  been  added  to  the  library  : 

Volumes  bound 1.574 

Volumes  unbound 563 

Pamphlets «• 1.431 

Total, 3,568 

Maps,  charts,  etc.,        362 

Total  number  of  volumes  in  the  Library,  December  31,  1888, 
bound  and  unbound,  as  ascertained  by  a  verification  of  the 
catalogue,  made  this  year,  and  exclusive  of  all  pamphlets,     31,762 
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In  addition  to  the  above  the  Library  contains  18,398  pamphlets,  of  which — 

7,796  are  arranged  in  the  pamphlet  collection, 
2,748  are  in  the  memorial  library, 
4,185  are  in  the  various  departments  of  the  Library, 
3,996  remain  yet  unclassified. 

The  loose  maps  and  charts  number  .     .     .• 872 

Miscellaneous  designs  and  drawings, 578 

Lithographs  and  photographs,        1,019 

The  collection  of  duplicates  at  the  close  of  1888,  not  enumerated  in  the 
above,  contained 

Volumes  bound  and  unbound, -  .       2,232 

Pamphlets, 4.854 

Periodicals, 5.759 

Maps  and  charts 155 

During  the  year  duplicates  have  been  disposed  of  to  the 

value  of, Jii67  28 

And  books  received  to  the  value  of, 127  95 

Leaving  to  the  credit  of  the  exchange  account,    $39  33 

Serials. — During  the  year  thirty-nine  serials  have  been  completed  ; 
some  of  them  difficult  to  obtain,  and  all  of  much  value  to  the  library. 

The  addition  of  $5,000  to  the  former  gift  of  $10,000,  by  Mrs.  Clara  J. 
Moore,  constituting  the  Bloomfield  H.  Moore  Memorial  Fund,  the  interest  of 
which  sum  is  for  the  use  of  the  Library,  will  be  judiciously  used  by  the  Com- 
mittee in  furtherance  of  the  design  of  the  donor.  The  books  purchased  with 
this  fund  are  all  appropriately  labelled,  and  a  record  of  the  title  and  cost  of 
each  volume  made  in  a  book  kept  for  that  purpose. 

The  rules  of  the  Committee  requiring  non-members  of  the  Institute  to 
receipt  for  books  consulted,  was  enforced  during  eleven  months  of  the  past 
year.     The  number  of  these  receipts  filed  was  1,449. 

Charles  Bullock, 
Chairtnan  of  Coviriiittee  on  the  Library. 


The  Chemical  Section  submitted  the  report  of  its  operations  during  the 
year,  which  will  be  found  in  the  Proceedings  of  the  Section,  page  127. 

The  foregoing  reports  were  severally  accepted. 

The  Secretary  presented  the  following  resolution,  adopted  by  the  Com- 
mittee on  Science  and  the  Arts,  at  the  stated  meeting,  held  Wednesday 
December  5,  1888,  viz  : 

Resolved,  That  the  Committee  on  Science  and  the  Arts,  to  which  was 
referred  the  communication  of  Mr.  W.  E.  Lockwood,  respectfully  recom- 
mends that  the  Institute  shall  construct  and  take  charge  of  the  dynamo- 
meter and  appurtenances  for  making  tests  of  the  quantity  of  the  hammer- 
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blow  of  locomotive  driving  wheels,  in  accordance  with  the  plans  suggested 
by  the  joint  committee  of  the  American  Railway  Master  Mechanics'  Associa- 
tion and  the  Franklin  Institute,  and  that  the  Institute  shall  render  all 
the  aid  in  its  power  to  make  the  said  tests  and  to  report  upon  the  same ; 
provided,  that  the  Institute  shall  not  be  at  any  expense  in  the  matter. 

The  resolution  was  approved. 

Mr.  J.  C.  Bayles,  of  New  York,  gave  an  oral  description  of  the  process 
and  apparatus  devised  and  used  in  the  manufacture  of  "  Spiral  Weld  Steel 
Tubes,"  illustrating  his  remarks  by  a  view  of  the  machine  employed  for  the 
purpose  and  of  an  exhibition  of  a  specimen  of  the  product.  (Mr.  Bayles' 
remarks  will  be  prepared  for  publication.) 

Mr.  S.  Lloyd  Wiegand  spoke  in  terms  of  high  praise  of  the  ingenuity 
of  the  process,  and  of  the  value  of  the  product,  and  moved  the  reference  of 
the  subject  to  the  Committee  on  Science  and  the  Arts  for  investigation.  The 
motion  was  carried. 

Prof.  C,  Herschel  Koyl,  of  Sharon  Hill,  Pa.,  by  invitation,  made  an 
exhibition,  with  a  full-size  model,  of  the  operation  of  the  Parabolic  Sema- 
phore invented  by  him,  and  which  formed  the  subject  of  a  paper  at  the 
stated  meeting  of  the  Institute  held  in  November  last. 

The  Secretary  presented  his  annual  report,  an  abstract  of  which  appears 
in  this  impression  of  the  Journal. 

The  result  of  the  annual  election,  held  this  day,  resulted  in  the  choice  of 
the  following  gentlemen  : 
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For  President  (to  serve  one  year), Joseph  M.  .Wilson. 

For  Vice-President  (to  serve  three  years),     .     .      Frederick  Graff. 

For  Secretary  (to  serve  one  year) William  H,  Wahl. 

For  Tr^a^z/'rd'r  (to  serve  one  year), Samuel  Sartain, 

For  Auditor  (to  serve  three  years),     .     .     .      William  A.  Cheyney. 

For  Managers  (to  serve  three  years) : 

George  V.  Cresson,  John  Lucas, 

Persifor  Frazer,  Samuel  P,  Sadtler, 

Edwin  J.  Houston,  Wm.  H.  Thorne, 

Enoch  Lewis,  John  J.  Weaver. 

For  Members  of  the  Conunittee  on  ScieJtce  and  the  Arts  (to  serve  three  years)  : 

L.  L.  Cheney,  Samuel  R.  Marshall,    Chas.  E.  Ronaldson, 

L.  D'AuRiA,  Wm.  McDevitt,  Samuel  Sartain, 

J.  L.  Gill,  Jr.,  J.  R.  McFetridge,  Chas.  A.  Rutter, 

F.  Leclere,  a.  E.  Outerbridge,  Jr.,  S.  Lloyd  VVjegand, 

W.  B.  LeVan,  Geo.  H.  Perkins,  Carl  Hering. 

Mr.  H.  R.  Heyl  offered  the  following  amendments  to  the  By-Laws,  which 
had  been  duly  posted  : 


i6o  Proceedings,  etc.  [j.  F.  I. 

PROPOSED    AMENDMENTS    TO   THE    BY-LAWS. 

ARTICLE  IV.— Payments. 

"  Section  i. — Every  member,  other  than  a  holder  of  second-class  stock, 
shall  pay  an  annual  contribution  of  five  dollars,  but  the  payment  of  one 
hundred  dollars  within  any  one  year  shall  constitute  a  member  for  life,  with 
an  exemption  from  all  annual  payments. 

"  Sec.  2. — All  sums  of  money  received  from  life  memberships  shall  be 
placed  in  the  Permanent  Endowment  Fund,  the  income  from  which  only 
shall  be  available  for  the  general  purposes  of  the  Institute. 

"  Sec.  3. — Stock  of  the  second-class  may  be  held  in  trust  for  persons  not  of 
legal  age,  and  shall  be  liable  to  the  payment  of  only  one-half  the  annual  fees 
due  upon  stock  of  second-class  held  by  persons  of  legal  age  ;  provided,  that 
when  such  minors  arrive  at  legal  age,  new  certificates,  subject  to  the  full 
annual  contribution,  shall  issue  on  payment  of  the  customary  fee. 

"  Sec.  4. — The  annual  payments  of  fees  for  membership  shall  be  due  and 
payable  on  the  ist  of  October  in  each  year,  in  advance;  but  all  members 
elected  after  the  31st  of  January  in  each  year  shall  pay,  in  advance,  at  the 
rate  oi fifty  cents  a  month  to  the  ist  of  October  next  ensuing." 

A  motion  to  publish  the  same  in  the  daily  papers  was  voted  down. 

Adjourned. 

Wm.  H.  Wahl,  Secretary. 
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First  Diagram— Shunt  Machines. 
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Second  Diagram — Series  Machines. 
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The  TRANSMISSION  of  POWER  by   ELECTRICITY. 


By  Frank  J.  Sprague. 


{^A  Lecture  delivered  before  the  Franklin  Institute,  November  12,  /SSS."] 

The  Lecturer  was  introduced  by  the  Secretary  of  the 
Institute,  and  spoke  as  follows  : 

Mr.  Sprague  :  Members  of  the  Institute,  Ladies  and 
Gentlemen : 

The  transmission  of  power  by  electricity  is  now  an 
established  fact,  and  every  day,  for  the  ordinary  uses  of 
life,  its  application  is  rapidly  spreading.  The  principles  of 
its  application  are  well  settled.  The  dynamo  and  motor 
have  been  brought  to  a  remarkably  high  efficiency  and  leave 
little  to  be  desired  as  converters  of  energy.  The  future  of 
the  transmission  of  power  from  central  stations,  under 
ordinary  conditions,  is  a  matter  of  commercial  development. 
The  special  application  of  the  transmission  of  energy  over 
Whole    No.  Vol.  CXXVII. — (Thiro  Series,  Vol.  xcvii.)  11 
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long  distances  depends  chiefly  upon  the  demand  which 
exists  for  such  transmission  and  the  intelligent  application 
of  principles  already  well  known.  Distance  is  a  relative 
term.  It  does  not  seem  a  difficult  matter  to  transmit  five 
horse-power  ten  miles,  but  a  gigantic  problem  to  transmit 
1 ,000  horse-power  one  mile  ;  the  latter  appeals  to  otir  imagi- 
nation, and  yet  the  former  is,  in  one  sense,  the  more  difficult 
problem,  not  so  much  because  of  any  difference  in  the  gen- 
eral principles  involved,  as  in  the  fact  that  in  the  construc- 
tion of  machines  of  high  electro-motive  force  we  meet  with 
more  serious  difficulties  in  the  matter  of  insulation  and  the 
element  of  personal  danger  to  the  operator. 

It  is  not  my  intention  to  enter  into  any  general  discus- 
sion of  the  question,  nor  to  go  into  the  particulars  of 
dynamo  and  motor  construction,  for  the  limits  of  this  paper 
would  not  permit  this;  but  I  shall  briefly  point  out  the 
different  phases  which  the  transmission  of  power  by  elec- 
tricity may  assume,  show  some  of  the  general  conditions 
which  must  be  met,  emphasize  the  practicability  of  such 
transmission,  and  then  more  particularly  discuss  a  new 
method  for  the  determination  of  the  elements  of  a  single 
transmission  which  my  own  practice  has  brought  out,  and 
which  I  have  found  it  advisable  to  adopt.  I  shall  here 
consider  only  the  use  of  a  continuous  current  and  a  direct 
transmission. 

For  the  purpose  of  this  paper,  we  may  consider  the 
following  cases  of  transmission : 

(i)  Transmission  from  a  central  station  conveniently 
situated  near  the  centre  of  a  manufacturing  district,  over 
an  area  of  from  one  to  100  square  miles,  in  units  varying 
from  a  fraction  of  a  horse-power  to  fifty  or  100  horse-power. 
Such  a  system  is  illustrated  by  the  Edison  two  and  three 
wire  circuits  in  operation  in  a  large  number  of  cities  in  the 
United  States.  Referring  to  my  own  work  alone,  its 
practicability  is  illustrated  by  the  fact  that  in  Boston  I 
have  nearly  150  motors  in  operation,  in  New  York  about 
125,  and  in  New  Orleans  nearly  100;  there  being  in  various 
stations  not  less  than  1,200  machines,  varying  from  a  half 
to  thirty  horse-power,  and  used  in  no  less  than  1 30  different 
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industries.  These  machines  are  operated  under  potentials, 
varying  from  100  to  440  volts,  and  are  run  on  constant 
potential  circuits.  The  maximum  distance  in  this  class  of 
work  is,  at  present,  about  one  mile  on  220  volt  circuit,  and 
the  practical  limit  for  this  potential  from  a  single  station 
is  about  four  square  miles. 

In  considering  how  far  this  Central  Station  work  can  be 
carried,  we  must  bear  in  mind  certain  facts;  power  trans- 
mitted means  the  transference  of  an  energy  whose  value 
may  be  expressed,  as  in  all  cases  of  fluid  transmission,  by 
the  product  of  the  quantity  and  pressure — that  is,  by  the 
product  of  the  electro-motive  force  and  the  current.  With 
anv  given  amount  of  energy  transmitted,  the  electro-motive 
force  and  the  current  will  vary  inversely.  The  laws  of 
distribution  are  clear.  With  any  given  work  done,  loss  on 
the  line,  electro-motive  force  at  the  terminals  of  the  motor, 
and  distribution,  the  weight  of  the  copper  will  var}^  as  the 
square  of  the  distance,  its  cross  section,  of  course,  varying 
directly  as  the  distance.  With  the  same  conditions,  the 
weight  will  vary  inversely  as  the  square  of  the  electro- 
motive force  used  at  the  motor.  With  the  same  cross 
section  of  conductor,  the  distance  over  which  a  given 
amount  of  power  can  be  transmitted  will  vary  as  the  square 
of  the  electro-motive  force.  If  the  weight  of  copper  is  fixed, 
with  any  given  amount  of  power  transmitted  and  given  loss 
in  distribution,  the  distance  over  which  the  power  can  be 
transmitted  will  vary  directly  as  the  electro -motive 
force.  Hence,  if  it  is  practical  to  economically  transmit 
power  one  mile  under.  200  volts  pressure — that  is,  if  the 
investment  in  copper  is  not  disproportionate —then,  by 
increasing  our  pressure  to  800  volts,  we  can  transmit 
this  power  four  miles  without  changing  the  ratio  of  the 
investment.  Of  course,  I  am  now  speaking  of  the  use  of  a 
bare  wire  and  assuming  that  the  cost  of  stringing  the  four 
miles  of  given  weight  of  wire  is  no  more  than  stringing  an 
equal  weight  one  mile.  Of  course  this  is  not  strictly  so.  As 
a  matter  of  fact,  however,  it  is  a  practical  thing  to  transmit 
and  deliver  over  an  area  of  100  square  miles,  from  one  cen- 
tral station,  under  a  pressure  not  exceeding  i  ,000  volts ;  and 
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the  larger  the  amount  of  power  distributed  and  the  greater 
the  number  of  units,  the  more  cheaply  it  can  be  done.  The 
question  arises,  "  Would  it  be  economical,  in  a  district  of  this 
character,  to  deal  with  the  larger  horse-powers  ? "  My 
answer  is  unquestionably  "yes."  It  is  true  that  the  actual 
efficiency  of  double  conversion  would  varv  from  fifty  to 
seventy  per  cent.,  depending  upon  the  distance  and  the 
pressure  used,  but  experience  has  developed  the  fact  that 
not  over  about  thirtv-five  to  fortv  per  cent,  of  the  maximum 
capacity  oi  all  the  machines  in  a  circuit  represents  the 
average  duty  demanded ;  and  since  this  is  so,  it  follows  that 
the  amount  of  power  that  can  be  contracted  for  will  at 
least  equal,  probably  considerably  exceed,  the  steam-power 
in  the  ccnitral  station.  I  say  "steam-power"  because  in  a 
large  majority  of  cases  in  this  kind  of  transmission  steam 
and  not  water  will  be  the  prime  source  (^f  energv.  When 
we  consider  the  economv  of  operating  a  large,  well-designed 
and  properly  constructed  steam  plant,  and  the  great  advan- 
tage to  the  user  where  the  electric  motor  replaces  the 
ordinary  steam  engine,  it  does  not  need  a  verv  .shrewd  com- 
mercial sense  to  see  the  advantages  of  this  method.  In 
fact,  there  is  not  a  city  in  the  United  vStates,  no  matter  how 
numerous  its  factories,  which  could  not  have  them  run 
better  than  to-day  by  a  well-constructed  electrical  plant, 
working  under  pressures  which  would  not  be  dangerous  to 
life. 

(2)  Somewhat  analagous  to  the  svstem  we  have  just  dis- 
cussed is  the  transmission  at  constant  potential  with  the 
motors  applied  with  various  loads  at  constantly  varying 
points.  Such  a  s^^stem  of  transmission  is  that  which  exists 
in  the  parallel  circuit  system  for  railroad  work.  There  are 
now  in  the  United  States  alone  no  less  than  sixty  or  seventy 
electric  railways  in  operation  or  under  construction.  The 
most  extensive  of  these,  up  to  the  present  writing,  is  the 
Richmond  Union  Passenger  Railway,  whose  characteristics 
may  be  cited  as  an  illustration.  This  has  about  twelve 
miles  of  track  and  is  operated  under  a  pressure  of  about  450 
volts.  The  central  station  has  a  capacitv  of  about  375  horse- 
power.    The  farthest  point  reached  is  about  three  and  one- 
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half  mile.s  from  the  station.  The  equipment  consists  of 
forty-one  cars,  with  eighty-two  machines  whose  aggregate 
normal  capacity  is  between  600  and  700  horse-power,  nearly 
double  the  steam  capacity.  The  car  units  develop  anywhere 
from  nothing  to  twenty  horse-power.  The  maximum  load 
which  has  been  put  upon  the  system  at  one  point  at  any 
time  is  the  starting  of  about  twentv-two  cars  about  two 
miles  from  the  station,  requiring,  probably  about  125  to  150 
horse-power.  This  road  now  having  made  nearly  600,000 
miles,  the  practicability  of  this  kind  of  transmission  may 
be  accepted  as  an  assured  tact. 

(31  The  transmission  from  one  station  to  another,  at 
which  latter  point  are  a  number  of  independent  machines, 
each  of  which  has  a  variable  load  and  is  required  to  run  at 
constant  speed.  An  example  of  this  is  the  transmission 
from  a  water-power  to  a  stamp-mill,  where  the  different  bat- 
teries of  stamps  are  operated  by  independent  machines. 
The  most  satisfactory  method  is  to  maintain  at  the  receiv- 
ing station  a  constant  potential,  and  to  use  for  the  receiving 
machines  motors  wound  to  be  self-regulating,  according  to 
laws  which  I  gave  some  time  since.  The  dynamos  should 
either  be  compound  wound  or  the  field  regulators  adapted 
to  increase  the  electro-motive  force  of  the  machine  as  the 
load  increases.  Constancy  of  prime  speed  is  an  essential  ; 
or,  if  it  does  not  exist,  then  there  must  be  a  combined 
mechanical  and  electrical  governor  which  will  assure  a 
definite  electro-motive  force,  which  shall  correspond  to  each 
variaticm  of  the  current. 

(4)  The  transmission  between  two  stations  as  last  men- 
tioned, save  that  the  condition  of  automatic  regulation  is 
not  essential.  In  this  case  the  dynamos  may  be  either  shunt, 
compound  or  series  wound,  and  the  motors  either  shunt, 
cumulative  or  series.  Such  a  plant  is  now  running  in  one 
of  the  mines  at  Aspen,  Col.  The  electro-motive  force  there 
used  is  about  450  volts  and  the  distance  somewhere  about  a 
mile. 

(5)  Transmission  with  a  single  line  ov^er  a  long  distance, 
with  the  motors  distributed  throughout  the  entire  line. 
This  is  a  case  which  ma\-  occur  in  some  manufacturingf  dis- 
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tricts,  but  is  more  apt  to  occur  in  such  work  as  canal  build- 
ing, dredging  or  mining  in  river  beds.  It  can  be  accom- 
plished by  the  use  of  a  constant  current  circuit,  using  con- 
stant current  motors,  or  with  the  same  aggregate  electro- 
motive force  on  a  constant  potential  circuit.  A  marked 
case  is  the  mining  operations  carried  on  at  the  Big  Bend 
Tunnel  of  California,  in  a  large  river  caiion,  where  about  a 
dozen  machines,  developing  from  five  to  ten  horse-power, 
are  used  for  operating  pumps  and  derricks,  and  are  sup- 
plied by  two  lines  of  from  600  to  i  ,000  volts  potential  over  a 
distance  of  about  eight  miles  from  the  central  station. 

Thus  far  I  have  considered  the  distribution  with  a  prac- 
tically constant  potential  at  the  inotors,  and  the  parallel 
method  of  distribution,  as  distinguished  from  the  constant 
current  method,  where  the  motors  are  in  series.  This  last 
for  large  powers  and  manv  machines,  is  a  limited  and 
unnatural  method,  the  former  a  comprehensive  and  natural 
method,  which  facts  are  entirely  independent  of  the  ques- 
tion of  relative  electrical  potentials  or  currents,  because,  on 
constant  potential  circuits,  we  can  work  at  100.  1,000  or 
5,000  volts   if  we  choose. 

Among  some  of  the  special  cases  of  power  transmission 
I  will  brieflv  note  the  following  : 

(6)  The  transmission  from  one  point  to  another,  using 
two  series  wound  machines,  where  the  motor  has  a  constant 
torque  or  a  load  per  turn.  The  motor  being  at  rest,  as  the 
electro-motive  force  of  the  generator  is  raised  by  increasing 
its  speed,  or  by  increasing  the  resistance  of  a  shunt  around 
its  field  with  any  given  speed,  the  current,  which  may  be 
expressed  bv 

E 
K 
will  increase  until  the  torque  is  great  enough  to  start  the 
motor  against  its  load,  when   the   current  will  become  sta- 
tionary.    A  motor  ele.ctro-motive  force  being  now  created, 
the  current  is  expressed  by 

E'  —c  ^  E 
K  K 

Any  increase  of  the  electro-motive  force   of   the   generator 
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will  be  followed  by  an  equal  increment  in  the  motor  electro- 
motive force,  the  difference  between  the  two,  and  hence  the 
current,  remaining  perfectly  constant.  The  speed  of  the 
motor  being  known  for  one  electro-motive  force  and  load, 
its  speed  for  any  other  electro-motive  force  may  be  deter- 
mined, and  fast  or  slow  hoisting  be  regulated  entirely  at 
the  generating  station. 

(7)  The  transmission  to  one  point  from  another,  with  a 
single  generator  and  a  single  motor  with  variable  loads, 
presents  two  solutions.  The  first  is  the  use  of  the  compound 
dynamo  and  differential  motor;  but  a  far  more  interesting 
solution  is  the  use  of  two  series  machines  which,  when 
properly  proportioned,  become  perfectly  self-regulating.  I 
will  briefly  touch  upon  the  theory  of  this  method  of  trans- 
mission. We  have  the  condition  that  the  same  current 
passes  through  each  field  and  armature,  and  also  the  condi- 
tion that  the  speed  is  constant,  while  the  work  is  variable. 
Since  work  may  be  expressed  as  a  product  of  speed  and 
torque,  and  since  the  speed  is  constant,  it  follows  that  the 
motor  torque  must  vary  directly  as  the  work.  Again,  we 
have  as  an  expression  for  the  work  done  the  product  e  (X 
Since  the  speed  of  the  motor  is  constant,  e  must  vary 
directly  as  the  strength  of  the  field,  which,  where  the 
magnetization  is  low,  will  vary  directly  as  the  current,  and 
when  more  highly  magnetized  in  a  much  less  degree.  E 
being  E  .  m  .  f  of  the  generator  and  K  the  resistance  of  the 
circuit,  we  have — 

and,  as  we  have  already  stated, 

E  varies  as  e,  as  ^  —  e,  as  C 
and  work — 

varies  as  e  C,  as  C^,  as  e^,  as  E^ 

The  dynamo  likewise  being  driven  at  a  constant  speed,  E 
likewise  varies  as  the  strength  of  its  field.  If  m  equals  the 
number  of  turns  of  wire  in  the  dynamo  field,  and  n  those 
in  the  motor  field,  then  the  ampere  turns  or  magnetizing 
forces  are  expressed  by  m  T'and  71  C.      It  follows  from  what 
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proceeds  that  the  mag-netizations  due  to  m  C  and  n  C  should 
vary  in  the  same  proportion  ;  in  other  words,  the  character, 
istics  of  the  generator  and  the  motor  must  be  similar 
between  the  limits  of  the  variation  in  load.  ^Should 
the  machines  used  be  improperly  proportioned,  then  the 
regulation  can  be  largely  determined  bv  putting  a  resistance 
in  the  line  circuit,  or  shunting  one  or  other  of  the  fields 
with  a  resistance.  The  electrical  efficiency  of  the  circuit 
being 

e 

E' 
we  have  the  following  fact:  That  the  electrical  efficiency 
is  a  constant  for  all  loads  with  the  limit  of  automatic  regu- 
lation. If  the  machines  are  of  the  same  general  type,  then, 
when  correctly  proportioned,  the  ratio  of  their  weights  and 
watt  capacities  should  be  the  same  as  the  electrical  effi- 
ciencies of  the  circuit. 

(8)  As  a  modification  of  the  proceeding,  especially  where 
large  powers,  long  distances  and  necessarily  high  potentials 
are  used,  it  is  advisable  to  divide  the  generators  and  motors 
into  a  batter}'  of  machines  of  indentically  the  same  weight 
and  character,  the  number  of  the  machines  being  the  ratio 
of  the  electrical  efficiencies,  the  generators  all  to  be  driven 
from  the  same  line  of  shafting,  and  the  motors  to  drive  on 
to  a  common  line,  and  the  current  to  pass  through  all  the 
machines  in  series.  This  I  consider  the  only  sound  method 
when  dealing  with  large  powers  and  high  potentials  and 
single  units  of  generation  and  recovery,  especiall}^  where 
automatic  regulation  is  required.  Its  advantages  are  mani- 
fest. One  of  the  greatest  diiSculties  which  we  have  in 
dynamo-electric  construction  in  closed-circuit  machines, 
especially  where  using  the  drum  svstem  of  winding,  is  the 
difficulty  of  securing  perfect  insulation  when  high  potentials 
are  used. 

One  thousand  or  1,200  volts  seem  as  high  as  it  is  now 
advisable  to  go  in  machines  of  this  tvpe,  where  currents  of 
any  magnitude  are  to  be  used.  In  the  transmission  of  elec- 
tricity reliability  is  an  essential,  and  a  potential  of  3,000  or 
4,000  volts,  distributed  over  three  or  four  machines  in  series, 
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is,  despite  the  inereased  number  of  machines,  far  less  liable 
to  cause  failure  than  where  put  into  one  machine  of  the 
aggregate  size  of  the  four  ;  and  in  the  event  of  the  breaking 
down  of  one  machine,  the  units  may  be  so  proportioned  that 
by  a  corresponding  change  in  the  units  at  the  other  station, 
or  a  proper  variation  of  the  regulating  shunt  to  the  fields,  it 
becomes  quite  possible  to  continue  automatic  operation. 
As  an  illustration  of  this  distribution  of  machines,  if  wish- 
ing to  use  dynamos  and  motors  of  an  electrical  efficiency  of 
about  ninety-five  per  cent,  a  commercial  efficiency  each  of 
about  ninety  per  cent.,  and  with  about  sixty  per  cent,  as  the 
total  commercial  efficiency  of  the  circuit,  I  would,  with  a 
distance  of  about  nine  miles,  use  five  series  machines  iden- 
tical in  construction,  each  wound  for  about  1,200  volts,  three 
of  which  machines  would  be  driven  by  a  common  line  of 
shafting  at  the  generating  station,  and  two  driving  on  to  a 
common  line  of  shafting  at  the  receiving  station.  It  will  be 
noticed  that  both  in  the  single  and  multiple  unit  series 
system,  the  electro-motive  force  a*nd  the  current  vary 
equallv.  I  hope  at  an  early  date  to  be  able  to  show  this  last 
system  in  practical  operation. 

The  indirect  methods  of  transmission,  such  as  through  a 
secondar}^  battery  of  generators,  motor  generators,  and 
secondary  batteries,  I  will  not  here  discuss. 

I  come  now  to  the  consideration  of  some  new,  interesting 
and  very  practical  formulae  for  determining  the  elements  of 
a  single  transmission  of  a  given  amount  of  power.  Before 
entering  upon  its  discussion,  it  is  necessarv  to  state  why  I 
differ  somewhat  from  the  methods  which  have  hitherto 
been  published. 

Those  who  have  followed  with  any  particular  interest 
the  progress  of  the  development  of  the  transmissicm  of 
power  by  electricity,  must  be  more  or  less  familiar  with  the 
early  experiments  of  Deprez  and  the  papers  by  Prof.  Lodge 
and  Mr.  Gisbert  Kapp.  The  experiments  of  Deprez  have 
not  had  that  practical  result  which  had  been  hoped  for 
them,  and  it  .seems  to  me  as  if  an  attempt  had  been  made 
to  go  further  than  commercial  demands  warrant.  We 
must  avoid  the  ccmsideration  of  the   subject   from  a  purely 
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theoretical  light.  .Yo  system  of  traus)iiittcd  energy  can  be 
fnade  profitable  nn/ess  the  cost  of  the  same  at  the  far  end, 
including  not  only  the  actual  cost  of  production  but  the  capitalised 
value  of  the  possibility  of  accident  due  to  the  fact  that  the  prime 
source  of  energy  is  not  under  immediate  control,  shall  be  less  for 
the  transmitted  energy  than  the  price  that  icould  have  to  be  paid 
for  its  production  there  by  water,  steam,  or  some  other  agency. 
As  attractive  as  the  use  of  water-power  appears  as  a  prime 
source  of  energy,  its  uses  are  verv  limited,  and  every  year 
will  become  more  and  more  so;  and  unquestionably  the 
great  future  of  the  transmission  of  power  bv  electricity  will 
depend  upon  the  fact  that  in  a  large  proportion  of  cases  it 
will  be  cheaper  to  carry  energv  in  the  shape  of  electricity 
on  a  wire  by  the  shortest  cut  between  two  points  than  to 
pack  it  up  in  the  shape  of  wood  or  coal  on  the  back  of  a 
mule  or  behind  a  horse.  I  have  no  svmpathv  with  the 
theoretically  possible,  but  reallv  impracticable  considera- 
tion of  the  transmission  of  power,  from  Niagara  to  Xew 
York:  for  Niagara  has  a  far  greater  value  as  a  sublime 
spectacle  than  as  a  commercial  factor  in  metropolitan 
affairs.  I  will  then  in  my  estimates  confine  myself  to  that 
which  is  practical  and  possible,  and  will  consider  the  con- 
ditions under  which  power  shall  be  so  transmitted.  Messrs. 
Lodge  and  Kapp  have  deduced  some  very  interesting 
formula:',  but  one  of  the  conditions  which  was  taken  into 
account  bv  them  was  that  of  leakage.  In  a  pureLv  theoreti- 
cal study  this  is  as  it  should  be;  but  the  transmission  of 
power  bv  electricitv  to  meet  the  demands  of  actual  life 
must  above  all  things  be  reliable;  and  bv  this  I  mean,  not 
merely  certain  to  supply  power  at  the  end  of  the  line,  but 
to  deliver  a  definite  percentage  under  perfect  regulation 
and  a  known  cost.  This  cannot  be  done  with  the  uncertain 
and  variable  element  of  an  unknown  but  material  leakage; 
for  if  this  leakage  exists,  then  it  must  be  a  variable  quan- 
tity depending  not  only-  upon  the  condition  of  weather  but 
likewise  upon  the  continual  variation  which  exists  in  the 
electro-motive  force  when  the  load  is  not  constant.  We 
meet  then  with  the  condition  that  in  the  successful  instal- 
lation of  a  plant  for  the  transmission  of  power,  we  must  be 
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free  from  material  leakage ;  that  is,  the  leakage  must  be  so 
small  under  all  possible  conditions  of  service  as  to  never 
interfere  with  the  efficiency  and  reliability  of  the  transmis- 
sion. Hence  in  the  formula  which  I  in  practice  adopt  to 
determine  the  elements  of  my  work,  I  .shall  assume  a  line 
of  practically  perfect  insulation.  I  am  justified  in  this 
because  the  additional  expense  to  secure  this  desirable 
result  is  more  than  compensated  for  by  the  reliability  of 
the  service.  We  can  only  accomplish  this  by  the  most 
careful  line  erection  and  choice  of  insulators.  It  can  be 
materially  aided  by  running  the  positive  and  negative  leads 
each  on  an  independent  line  of  poles  and  perfectly  clear  of 
all  trees,  and  of  course  a  well-covered  wire  can  be  used. 
When  a  double  line  of  poles  is  used,  it  is  advisable  to  wrap 
the  lower  ends  with  bare  wire  for  a  distance  of  about  six 
feet  above  the  ground,  and  to  connect  these  bases  together; 
or,  if  the  poles  are  close  together,  a  galvanized  iron  or 
copper  wire  should  be  taken  around  each  pole  at  the  dis- 
tance given  and  joined  together.  This  is  to  avoid  the 
possibility  of  a  serious  shock  in  wet  weather,  which  might 
be  received  by  a  person  leaning  against  a  wet  pole  if  any 
accident  should  occur  to  the  line  insulators  when  very  high 
potentials  are  used. 

In  the  formulae  which  are  given,  I  shall  make  use  of  the 
term  "  couple  efficiency."  As  long  ago  as  the  spring  oi  i88<S 
Drs.  John  and  Edward  Hopkinson  made  tests  of  efficiency 
of  double  conversion  with  the  Edison-Hopkinson  and  Man- 
chester dynamos,  the  efficiency  of  the  former  rising  at  times 
to  over  eighty-seven  per  cent.,  and  of  the  latter  to  nearly 
seventy-eight  per  cent.  No  others  have  made  so  thorough 
an  analysis  of  the  action  of  dynamo-electric  machinery,  and 
my  own  experience  warrants  me  in  assuming,  for  the  pur- 
pose of  this  paper,  a  commercial  efficiency  of  double  conver- 
sion, where  two  machines  are  connected  by  a  metallic 
circuit  of  no  appreciable  resistance,  or  what  I  have  called 
the  "  couple  efficiency,"  of  not  less  than  eighty  per  cent.,  which 
is  only  allowing  about  ninety  per  cent,  commercial  efficiency 
for  the  dynamos  and  motors.  It  will  oftentimes  rise  higher 
than  this,  but  I  think  it  advivSable  in  a  .specific  formula  to 
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adopt  a  perfectly  safe  figure.  This  couple  efficiency  for 
either  single,  shunt,  or  series  machines,  or  nests  of  machines, 
is  easily  determined  with  considerable  accuracy  and  small 
expenditure  of  power.  The  method  I  prefer  was  one  inde- 
pendently proposed  but  similar  to  that  first  put  into  prac- 
tice by  Dr.  John  Hopkinson,  that  English  scientific  investi- 
gator to  whom  we  all  owe  so  much.  It  may  be  termed  the 
variable  differential  method  ;  and  depends  upon  the  use  of 
an  electro-mechanical  couple.  The  first  diagram  illustrates 
the  testing  of  two  shunt-wound  machines.  Two  such 
machines  are  belted  to  a  common  line  of  counter-shafting 
having  three  pulleys,  each  being  given  its  proper  speed.  To 
the  third  pulley  is  connected  a  motor  of  about  one-third  the 
capacity  of  one  of  the  machines  to  be  tested,  this  motor 
being  one  of  a  perfectly  well-known  commercial  efficiency, 
and  provided  with  means  for  varying  its  speed ;  or,  if 
desired,  the  power  can  be  transmitted  through  a  good 
dynamometer.  The  like  terminals  of  the  large  motors  are 
then  connected  together,  an  ampere  meter  put  into  this 
circuit,  and  a  potential  galvanometer  connected  across  the 
terminals.  One  terminal  of  each  field  is  likewise  connected 
to  its  proper  line,  and  the  other  terminals  of  these  fields  are 
brought  to  the  movable  levers  of  a  two-way  circuit  changing 
switch.  One  contact  is  carried  to  the  main  line,  and 
between  it  and  the  other  two  is  inserted  a  variable  resist- 
ance, which  in  the  middle  position  of  the  switch  is  short 
circuited.  We  have,  then,  the  two  large  motors  connected 
in  an  electro-mechanical  couple,  and  to  the  same  shafting 
is  connected  a  third  motor.  The  main  dynamo  being 
started,  the  switch  set  in  the  middle  position,  the  motor  is 
speeded  up,  which  sets  the  counter-shafting  in  operation 
and  drives  both  the  machines  as  dynamos,  each  exciting  its 
own  field.  If  the  machines  are  symmetrical,  no  current 
whatsoever  will  pass  over  the  branch  connecting  the  two ; 
they  are  simply  in  the  .position  of  two  dynamos  in  parallel 
circuit  with  each  other,  with  no  external  circuit  and  no 
path  over  which  the  current  can  flow  except  that 
through  their  field  magnets ;  consequently,  very  little 
])ower,  save  that  of    friction,  is  taken.     The  switch  being 
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moved  in  one  direction,  the  resistance  is  thrown  into  the 
field  of  one  machine.  The  electro-motive  force  which  it 
develops  at  this  particular  speed  is  now  reduced ;  it 
becomes  a  motor,  and  current  will  flow  over  the  connecting 
mains  from  the  other  machine,  which  is  still  a  dynamo, 
which  current  is  roughly  expressed  by  the  quotient  of  the 
difference  of  the  electro-motive  forces  of  the  two  machines, 
divided  by  the  resistance  of  the  circuit.  By  varying  the  resist- 
ance in  the  fields  this  current  can  be  made  of  any  value  up 
to  the  limit.  We  have  here,  then,  one  machine  acting  as  a 
motor,  and  driving  on  to  the  counter-shafting  with  a  certain 
number  of  horse-power,  this  counter-shafting  driving  the 
other  machine  as  a  dynamo  with  a  certain  greater  amount 
of  horse-power,  this  second  machine  furnishing  the  current 
which  operates  the  first  as  a  motor.  The  deficit,  or  loss  of 
efiiciencv  between  the  two  machines  and  the  friction  is  sup- 
plied bv  the  third.  Bv  reversing  the  switch  the  resistance 
is  first  cut  out  of  one  field,  and  then  thrown  into  the  field  of 
the  other  machine.  This  machine  now  becomes  a  motor, 
and  the  other  machine  becomes  a  dynamo.  This  reversal 
is  not  instantaneous,  because  it  takes  time  for  the  field 
magnets  to  charge  and  discharge.  The  ampere  metre  will 
drop  to  zero,  and  will  then  rise  again  progressively. 

This  method  of  testing  can  be  used  for  two  purposes, 
one  for  testing  the  actual  horse-power  developed  and  the 
couple  efficiency,  which  can  be  done  by  measuring  the  cur- 
rent, the  electro-motive  force  between  the  machines  and  the 
horse-power  delivered  to  the  shafting  by  the  third  motor, 
and  for  the  other  purpose  of  testing  simply  the  heating 
capacity  of  the  armature  coils  with  a  given  number  of 
amperes.  For  this  latter  purpose  it  does  not  matter  practi- 
cally whether  the  machines  are  run  at  their  normal  speed 
and  generate  their  normal  electro-motive  force,  or  whether 
some  lower  electro-motive  force  is  used.  If  a  lower  electro- 
motive force  is  present,  it  simply  means  that  there  must  be 
a  greater  ratio  of  difference  between  the  field  magnet 
strengths  and  a  larger  resistance  used  with  the  reversing 
switch. 

When  desiring  to  test  the  two  series   machines,  the  con- 
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nections  are  somewhat  different,  and  are  illustrated  in  the 
second  diagram ;  the  machines,  of  course,  being  mechan- 
ically connected  as  in  the  first  instance.  We  can  simi- 
larly test  a  multiple  unit  series  system ;  and  in  all  these 
cases,  by  the  introduction  of  an  artificial  resistance  into 
line,  we  can  produce  all  the  phenomena  of  an  actual  long- 
distance transmission.  This  method  of  testing,  where  there 
can  be  an  immediate  variable  and  controllable  reversibility 
of  the  dynamo  and  motor,  and  test  of  the  efficiency  of 
transmission  under  widely  varying  conditions,  illustrates  in 
one  of  the  most  beautiful  ways  the  flexibility  and  utility  of 
electric  transmission. 

Assuming  then,  that  we  have  no  leakage,  and  that  our 
dvnamos  and  motors  have  a  definite  known  efficiency,  we 
will  take  up  the  consideration  of  a  few  formulae. 

Let  /  =^  distance  between  the  generating  and  receiving 
stations  in  feet,  plus  the  sag. 
n  =.  number  of  effective  horse-power  to  be  delivered 

on  the  motor  shaft. 
E  =  electro-motive  force  at  the  terminals  of  the  motor. 
V  =  number  of  volts  fall  of  potential  on  the  line. 
E  -{-  v,OT  E\  being,  of  course,  the  electro-motive  force 
at  the  beginning  of  the  line  or  the  terminals 
of  the  generator. 
a  =  efficiency  of  the  motor. 
C  M  =  circular  mils  of  conductor. 
An  electrical  horse-power  is  746  watts,  watts  being  the 
product  of  current  by  electro-motive  force.     Then  for  any 
horse-power  n,  a  motor  efficiency  of  o.  and  an  e.  m.  f.  of  E  at 
the    motor   terminals,    we    have    the    number   of    amperes 

equal  to — 

746  n  /^x 

^EaT  ^ 

Allowing  m  ohms  as  the  resistance  per  mil-foot  of  copper, 
the  total  line  resistance  would  be 

2  wi_/ 
for  a  complete  metallic  circuit.     From  the  above  we  have  for 
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the  drop  or  fall  of  potential  on  the  line, 

_  746  n       %ml  ^  1492  n  ml 
"  "    Ea         TTJf  ~  ^aCM 
or 

E  V  a 

Substituting  for  m  its  approximate  value,  iO"5. 

. ,  ,^ 15666  /I  I 

E  r  u. 

Let  me  give  a  practical  illustration.  Suppose  we  have  a 
motor,  the  efhciency  of  which  is  ninety  per  cent  at  400  volts 
electro-motive  force  and  when  developing  ten  horse-power, 
and  that  we  wish  to  transmit  this  ten  horse-power  5,000  feet 
from  a  station  and  elect  to  lose  about  nine  per  cent  on  the 
line. 

Our  initial  electro-motive  force  will  be  440  volts,  and  we 
would  have, 

(    M  =  l'^^_^^  ^J^X  ^^^^^  =  54396 
400  X  40  X  -90 

which  is  about  equal  to  a  No.  4  B.  W.  G. 

Again,  suppose  we  wish  to  transmit  five  horse-power  over 
a  distance  of  one  mile  on  a  complete  metallic  circuit  of 
45,000  cm.,  allowing  live  per  cent,  increa.se  of  length  for  sag, 
and  no  leakage.  Suppose  further,  that  the  initial  line  poten- 
tial be  300  volts,  and  that  we  wish  to  have  250  volts  at  the 
motor  terminals,  it  is  required  to  find  the  commercial  effi- 
ciency which  the  motor  must  have. 

Transposing  our  formula  we  have, 

1 5666  n  I 

"  ^ElTCM 
and  substituting, 

15666  A  5   '   5544 


250  X  50  X  45000 


=  76«/„ 


This  formula  is  useful   in   determining   what   we  cannot 
as  well  as  what  we  can  do.     For  example,   if  we  made  the 
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condition  ten  horse-power,  all  others  remaining  the  same, 
the  commercial  efficiency  of  the  inotor  would  have  come  out 
152  per  cent.,  a  inost  excellent  inachinc  indeed,  and  vet  it 
is  precisely  this  absurd  thing  that  people  practicallv  say 
they  will  do  in  many  of  the  statements  which  are  made  in 
relation  to  this  subject.  Xo  science  admits  of  more  easy 
determination  of  conditions  by  plain  and  simple  laws,  and 
none  brooks  less  violation  of  them, 

(  To  be  continued.) 
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As  Espv"s  svnopsis  represents  the  more  mature  form  of 
his  theories,  it  is  taken  as  the  source  of  most  of  the  fol- 
lowing quotations,  rather  than  the  earlier  papers,  in  which 
manv  of  his  statements  are  exaggerated.  His  Fourth 
Mitcorological  Report  (1857),  also  contains  much  of  value, 
and  furnishes  entertaining  as  well  as  instructive  reading. 

In  the  first  place,  he  attempted  to  establish  by  experi- 
ment how  great  a  degree  of  cooling  there  would  be  in  con- 
sequence of  the  expansion  of  an  ascending  mass  of  air,  and 
concluded  that  it  would  be  about  one  degree  and  a  quarter 
for  everv  hundred-  yards  of  ascent;  later  determinations 
show  that  it  is  somewhat  too  small,  the  value  now  accepted 
being  about  one-fifth  greater.  This  rate  of  cooling  will 
prevail  till  the  dew-point  is  reached. 

The  formula  still  often  given  to  ascertain  the  height  at 
which  the  dew-point  is  gained,  or  at  which  the  base  of 
cumulus  clouds  will  stand,  on  the  assumption  that  they  are 
formed   in  uprising  currents  or  air  from  the  earth's  surface,. 
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is:  height  =  complement  of  dew-point  •  300  feet.  I  must 
plead  guilty  to  having  aided  in  giving  currency  to  this 
error,  but  my  regret  thereat  has  been  lessened  by  seeing 
that  Professor  Ferrel  has  made  the  same  statement  in 
his  Kccoit  Advances.  The  mistake  would  have  been 
advoided  if  Espy's  advice  had  been  followed  about  weigh- 
ing the  contents  of  his  svnopsis  carefully;  for  he  there 
clearly  explained  that  the  dew-point  of  the  ascending 
column  will  not  be  reached  when  "the  air  has  cooled  down 
to  the  dew-point  that  it  had  at  the  ground;  "for  the  vapor 
itself  grows  thinner,  and  the  dew-point  falls  about  one- 
quarter  of  a  degree  for  every  hundred  yards  of  ascent." 

He  goes  on  to  say  :  "As  soon  as  cloud  begins  to  form, 
the  caloric  of  elasticity  of  the  vapor  or  steam  is  given  out 
into  the  air  in  contact  with  the  little  particles  of  water 
formed  bv  the  condensation  of  the  vapor.  This  will  prevent 
the  air  in  its  further  progress  upward,  from  cooling  so  fast  as 
it  did  up  to  the  point."  When  the  dew-point  is  70°,  the 
rate  of  cooling  after  condensation  begins  is  reduced  to  five- 
eighths  of  a  degree  for  an  ascent  of  300  feet  ;  if  the  dew- 
point  is  higher,  the  cooling  is  a  little  less  ;  if  lower,  a  little 
more.  "  It  follows  that  when  the  cloud  is  of  great  perpen- 
dicular height  above  its  base,  its  top  must  be  much  warmer 
than  the  atmosphere  at  that  height,  and  consequently  much 
lighter."  When  hail  or  snow  is  formed,  the  caloric  of  fluidity 
given  out  will  still  further  retard  the  cooling. 

Espy  is  perfectly  right,  when  judged  by  the  subsequent 
progress  of  meteorology,  in  claiming  much  for  this  theory ; 
its  value  may  be  seen  from  its  continual  use  in  modern 
essays  and  text-books  ;  it  may  be  added  that  very  few  of  the 
modern  text-books  present  the  case  more  clearly  than  Espy 
did  in  his  synopsis,  except  that  his  old-fashioned  terminol- 
ogy is,  of  course,  exchanged  for  one  more  consonant  with 
the  mechanical  theory  of  heat. 

The  course  of  regular  diurnal  phenomena  dependent  on 
changes  of  temperature  is  given  in  masterly  form  by  Espy. 
"  Clouds  will  more  frequently  begin  to  form  in  the  morning, 
increase  in  number  as  the  heat  increases,  and  cease  alto- 
gether in  the  evening,  when  the  surface  of  the  earth  becomes 
Whole   No.  Vol.  CX.WII. — (Third  Series,  Vol.  xcvii.)  12 
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cold  by  radiation.  The  commencement  of  the  up-moving 
columns  in  the  morning  will  be  attended  with  an  increase 
of  winds,  and  its  force  will  increase  with  the  increasing 
columns,  both  keeping  pace  with  the  increasing  tempera- 
ture. This  increase  of  wind  is  produced  partly  by  the  rush 
of  air  on  all  sides  at  the  surface  of  the  earth  toward  the 
centre  of  the  ascending  columns,  producing  fitful  breezes ; 
and  partly  by  the  depression  of  the  air  all  around  the 
ascending  columns,  bringing  down  with  it  the  motion  which 
it  has  above,  which  is  known  to  be  greater  than  that  which 
the  air  has  in  contact  with  the  asperities  of  the  earth's  sur- 
face." This  is  the  original  explanation  of  the  diurnal 
increase  in  the  velocity  cti  the  wind,  which  has  since  been 
rediscovered  independently  bv  Koppen. 

An  essential  corollary  of  the  theory,  fully  understood  by 
Espy,  was  that  descending  currents  would  be  warmed  by 
compression,  at  the  same  rate  as  ascending  currents  are 
cooled  by  expansion  ;  hence,  as  the  Committee  of  the  French 
Academy — Arago,  Pouillet  and  Babinet — reported  on  Espy's 
theories  in  1841  :  "  We  should  not  hereafter  adduce  in  the 
mean  state  of  the  atmosphere  a  descending  current  as  a 
cause  of  cold,"  for,  however  cold  the  air  may  be  aloft,  it 
will  be  heated  by  compression  in  descent,  so  that  on  reach- 
ing the  ground  it  would  have  high  and  not  low  temperature. 
The  origin  of  thunder-storms  by  the  descent  of  cold  air 
from  above  into  warm  air  below  is  objected  to  and  with 
good  reason,  for  in  such  case,  the  storm  cloud  would  be 
hollow,  forming  only  where  the  descending  current  might 
cause  condensation  in  the  air  that  it  entered.  The  mass  of 
the  descending  current  itself  could  not  by  any  possibility 
become  cloudy.  But  ascending  currents  must  be  cloudy 
after  a  moderate  ascent,  unless  ver\^  dr}-  when  rising  from 
the  ground ;  and  as  ascent  continues,  the  cloud  becomes 
heavier  and  may  yield  rain.  Thus  did  Espy's  theory  furnish 
a  simple  and  effective  process  to  explain  the  general  condi- 
tions of  atmospheric  condensation  ;  yet.  even  to  the  present 
time,  the  process  suggested  in  the  last  century  by  Hutton 
is  quoted,  if  not  accepted,  by  most  text-books,  though  it 
can  be  shown  on   good  physical  grounds  to  be  altogether 
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insignificant  in  its  effects.  Hutton  thought  that  if  two 
masses  of  air,  both  saturated  but  of  unlike  temperatures, 
were  mixed,  condensation  would  result,  because  the  temper- 
ature of  the  mixture  would  be  below  its  dew  point.  This 
is  perfectly  true.  But  the  process  fails  to  explain  the  facts, 
chiefly  because  it  does  not  occur.  It  is  a  rare  thing  to  find 
adjacent  masses  of  air  of  unlike  temperatures  and  both 
saturated.  It  is  almost  impossible  for  them  to  mix  in  the 
intimate  way  required  by  Hutton,  except  to  a  ver}''  small 
extent.  And  even  if  thev  should  mix  in  large  volume,  the 
amount  of  rain  produced  would  not  be  as  much  as  that 
which  falls,  on  any  admissible  assumption  as  to  the  masses 
of  air  concerned.  Although  so  defective,  Hutton's  theor}- 
is  still  quoted  extensively,  and  Espy's  simple  theory  that 
clouds  and  rain  result  from  the  mechanical  cooling  of 
ascending  currents  of  air,  is  relatively  neglected.  Where 
clouds  and  rain  occur,  there  the  air  ascends ;  and  its  ascent 
is  due  to  its  instability. 

Espv  thus  explained  the  rainv  belt  around  the  equator, 
not  by  saying  as  is  still  so  common  and  so  incorrect  that  the 
moist,  warm  and  light  surface  air  rises  into  the  cool  air 
above,  thereby  implying  that  the  lower  air  is  cooled  by  the 
cold  of  the  upper  air  ;  but  because  the  warm,  light  air  cools 
as  it  rises  and  so  condenses  its  vapor  spontaneously.  In  the 
same  wav,  winds  that  are  constrained  to  rise  as  they  flow 
over  mountain  ranges,  become  cloudv  and  give  forth  rain, 
not  becaiise  they  are  cooled  by  the  cold  of  the  high  moun- 
tain, but  because  they  are  cooled  as  a  consequence  of  the 
work  that  they  do  in  expanding  during  ascent.  They 
would  be  rainy  even  if  the  mountain  were  warm.  Con- 
versely, cloudy  currents  descending  from  mountain  passes 
become  clear,  not  because  they  enter  the  warm  lower  air, 
but  because  the\'  are  warmed  by  compression  in  descent.  A 
consequence  of  the  passage  of  moist  winds  over  mountains 
is  seen  to  be  not  only  the  excess  of  rain  on  the  windward 
slope,  but  also  the  occurrence  of  warm,  drv  winds  at  the  foot 
of  the  leeward  slope ;  and  thus  a  rational  explanation  was 
early  given  for  the  winds  of  the  Fochn  or  Chinook  kind. 
(See  "A  History  of  the  Foehn  in  Mount ain  Meteorology''  by 
W.  M.  D.,  Appalachia,  iv,  i<S86,  344). 
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Perhaps  the  most  striking  illustration  of  Espy's  deduc- 
tive method  is  seen  in  the  explanation  that  he  gave  to  the 
clear  space  in  the  centre  of  tropical  storms,  known  as  the 
"  eye  of  the  storm."  Clouds  being  the  product  of  ascending 
currents  clear  air  must  indicate  the  pressure  of  descending 
currents ;  hence,  in  the  centre  of  the  general  ascending  and 
cloudy  winds  of  the  storm  there  must  be  a  descending  and 
hence  clear  current.  This  curious  suggestion  is  in  Espy's 
Fourth  Mcteorogical  Report^  where  my  attention  was  called 
to  it  by  Mr.  H.  H.  Clayton:  as  in  the  case  of  diurnal 
increase  of  wind  velocity,  Espy's  explanation  of  the  clear  eye 
of  the  storm  has  been  repeated  independently  by  Koppen  a 
few  years  ago.  Espy  even  advocated  the  artificial  produc- 
tion of  rain  in  time  of  drought  by  making  large  fires  to 
excite  vertical  convectional  currents,  and  his  works  include 
some  extraordinary  examples  of  showers  thus  produced. 
A  certain  coiTespondent  wrote  him  that  one  summer  day 
he  ascended  Monadnock,  a  fine  isolated  mountain  in  south- 
western New  Hampshire.  The  sky  was  cloudless  ;  away 
on  the  low  ground,  a  farmer  had  set  fire  to  his  waste  brush, 
and  the  smoke  rose  high  in  a  straight  column  ;  at  last  a 
cloud  formed  over  it,  the  cloud  grew,  and  soon  gave  forth  a 
shower  of  ram,  moving  away  from  its  point  of  beginning  as 
it  entered  the  apper  wind.  Not  another  cloud  appeared. 
Other  curious  examples  of  artificial  rain  are  given,  and 
some  of  them  are  so  remarkable  that  we  must  wonder  at 
the  little  consideration  they  now  receive. 

But  Espy,  like  Redfield,  found  in  storms  the  chief  problem 
of  meteorology.  Dove,  then  the  leading  meteorologist  of 
Europe,  supplied  with  numerous  tabular  records  of  tempera- 
ture, rainfall,  and  other  climatic  elements  from  the  old 
observatories  of  the  continent,  became  chiefly  a  statistical 
meteorologist.  Redfield  and  Espy,  in  a  new  country  where 
old  records  were  rare,  devoted  their  attention  to  actual 
processes,  not  to  numerical  averages.  Redfield  approached 
the  problem,  as  we  have  seen,  purely  from  the  inductive, 
observational  side,  without  many  preconceptions ;  Espy 
approached  it  with  his  mind  pretty  well  made  up  as  to 
the  processes  involved  and  with  strong  preconceptions  in 
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favor  of  the  theory  by  which  the  processes  were  explained. 
Redfield  found  that  storm  winds  whirl  around  in  essentially 
circular  paths  about  a  centre  of  low  pressure,  and  he 
attributed  the  low  pressure  to  the  centrifugal  force  of  the 
whirl.  Espy  said  that  storms  are  essentially  examples  of 
convectional  circulation,  that  the  central  low  pressure  must 
be  their  cause  and  not  their  effect ;  and  that  the  winds  must 
flow  radially  inward  to  the  place  where  the  pressure  is 
lowest,  causing  clouds  and  rain  by  ascent  there.  Each  one 
supported  his  views  by  numerous  examples,  and  as  the  truth 
lay  reallv  between  them,  each  one  was  right  to  a  certain 
extent.  Redfield  drew  most  of  his  examples  from  storms  at 
.sea,  recorded  in  the  logs  of  vessels,  and  it  is  not  a  little 
curious  that  the  fuller  material  now  in  our  possession  shows 
conclusively  that  it  is  precisely  in  marine  storms  that  the 
winds  are  most  nearly  circular,  as  Redfield  maintained. 
Espy  took  his  examples,  when  he  got  so  far  as  to  appeal  to 
the  facts,  from  land  storms  almost  exclusively,  and  the  more 
radial  course  now  known  to  characterize  the  land  winds  gave 
some  color  to  his  theory  of  radial  indraft.  He  utilized,  first 
with  the  assistance  of  this  Institute,  and  afterwards  under 
Government  aid,  the  records  from  many  volunteer  observers, 
and  gathered  a  large  number  of  observations  of  high  value. 
His  conclusions  were  that  storms  sweep  across  our  country 
from  west  to  east;  that  they  possess  a  medial  axis  of  low 
pressure,  generally  extending  north  and  south,  with  the 
central  minimum  on  the  middle  of  the  axis  ;  and  that  the 
winds  flow  toward  the  axis  from  either  side,  with  a  ten- 
dency toward  the  centre.  The  much  fuller  and  more  accu- 
rate records  of  our  Signal  Service,  show  that  in  a  general 
way  this  is  true,  for  our  storms  have  prevailingly  an  elon- 
gated area  of  low  pressure ;  but  the  winds  undoubtedly  cir- 
culate spirally  around  the  centre,  and  do  not  flow  radially 
toward  it. 


Our  two  great  students  differed,  I  may  say  quarrelled, 
on  this  point.  Each  one  was  persuaded  that  he  was  right ; 
but  to  their  differences  of  opinion  I  do  not  care  to  give 
emphasis.     It    is    more   profitable    to  study  the  points   on 
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which  the)'  were  ri^^ht  than  to  mag"nifv  their  errors  and 
differences.  Yet  in  this  matter  of  the  circulation  of  the 
winds  in  storms,  one  cannot  help  dwelling  on  their  disagree- 
ment, and  all  the  more  because  it  would  have  been  avoided 
if.  they  had  taken  heed  of  an  extraordinary  little  article 
"  On  the  Rotary  Action  of  vStorms."  that  appeared  in  the 
American  Journal  of  Science  in  1843,  at  the  height  of  their 
discussion.  Charles  Tracy,  then  a  voting  graduate  of  Yale 
College,  who  had  a  taste  for  mathematics,  said  to  himself, 
if  we  may  reconstruct  his  mental  revery,  these  eminent  men 
are  both  in  a  sense  right.  Espv  is  right  in  maintaining 
that  the  tendency  of  the  wind  in  storms  is  centripetal, 
because  the  primary  cause  of  the  movement  is  the  low 
pressure  at  the  centre  of  the  storm  ;  and  Redfield  is  right 
in  insisting  that  winds  have  an  essential  whirling  move- 
ment, because  the  rotation  of  the  earth  will  inevitably 
cause  such  a  whirl  in  any  system  of  centripetal  winds.  In 
this  simple  explanation,  the  true  value  of  the  deflective 
effect  of  the  earth's  rotation  was  for  the  first  time  applied 
in  meteorology.  The  effect  of  the  earth's  rotation  on  the 
cause  of  the  winds  was  first  suggested  bv  Hadlev  in  1735  ; 
but  this  explanation,  although  still  commonlv  current,  is 
wrong  in  implving  that  the  earth's  rotation  aft'ects  only  the 
meridional  component  of  a  bodv's  motion,  and  that  it  alters 
the  velocity  of  motion.  Tracv,  unconsciously  following 
certain  mathematicians,  stated  the  problem  correctly,  and 
was  the  first  to  apply  it  in  its  true  value  to  the  winds.  It 
matters  not  in  what  direction  a  body  moves,  it  is  deflected 
to  the  right  of  its  course  in  this  hemisphere,  and  to  the  left 
in  the  other ;  the  force  of  the  deflection  increasing  with  the 
sine  of  the  latitude. 

Tracy  recognized  that  if  an  original  impulse  were  the 
cause  of  the  rotary  movement  of  a  storm,  "the  forces  of  the 
whirlwind  would  be  rapidly  exhausted,  and  its  existence 
must  speedily  cease.  A  stable  source  of  momentum,  adapted 
to  originate  and  sustain  the  rotary  movement,  is  still 
required  ;  and  it  is  now  proposed  to  develop  such  a  source 
of  momentum  in  the  forces  generated  by  the  earth's  diurnal 
rotation."     It   is  admitted   that   Espy    had  established   "  a 
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qualified  central  tendency  of  the  air.  in  both  the  .general 
storms  and  the  smaller  tornadoes,"  and  then,  acting  on  this 
beginning,  the  deflective  force  arising  from  the  earth's  rota- 
tion is  called  on  "  to  cause  and  maintain  a  whirlwind."  *  * 
"  Upon  the  same  principle  the  tornado,  the  typhoon  and 
the  wide-spread  storm  of  the  Atlantic,  if  their  currents  move 
toward  a  central  spot,  must  have  a  rotary  character.  ^  * 
In  every  such  case,  the  incoming  air  must  be  regarded  as  a 
succession  of  rings  taken  off  the  surrounding  atmosphere 
and  moving  slowlv  at  first  but  swifter  as  they  proceed 
toward  the  centre.  Each  such  ring  is  affected  by  the  law  of 
deviation  during  its  passage.  -  -  ''  and  hence  the  ring 
begins  to  revolve  when  far  from  the  centre,  turns  more  and 
more  as  it  draws  near  it,  and  finally  as  it  gathers  about  the 
central  spot  all  its  forces  are  resolved  into  a  simple  whirl. 
*  *  ^  In  the  southern  hemisphere,  the  same  law  of 
deflection  produces  contrary  results."  It  is  clearly  shown 
that  the  deflective  force  is  independent  of  the  direction  of 
motion,  but  varies  with  the  sine  of  the  latitude.  "  The 
necessary  condition,  centripetal  moti(m,  may  arise  whenever 
a  central  spot  subjected  to  intense  heat  is  surrounded  by  a 
cool  atmosphere.  -  *  *  The  destructive  storms  of  our 
sea-eoast  may  have  such  an  origin  among  the  eastern  islands 
of  the  West  Indies,  from  which  they  appear  to  proceed." 

There  are  few  scientific  essays  that  outrank  this  one  for 
clearness  and  originality  of  statement.  As  already  said,  it 
contains  the  first  application  of  the  correctly  defined  deflec- 
tive force  to  m.eteorological  questions,  and  clearly  antici- 
pates some  of  Ferrel's  original  and  independent  work  of 
several  vears  later  date.  Although  it  was  followed  by  no 
other  study  in  our  science,  I  think  Tracy's  name  deserves 
fully  as  eminent  mention  among  American  meteorologists 
as  is  accorded  to  Hadley  among  the  English.  Early  in  1883, 
I  had  the  pleasure  of  meeting  Mr.  Tracy,  just  after  having 
as  it  were  resurrected  his  early  paper  of  forty  years  before. 
He  said  he  had  often  wondered  why  attention  had  not  been 
given  to  it,  quietly  adding,  "  I  have  never  been  able  to  see 
that  it  was  incorrect."  It  is  to  be  regretted  that  so  original 
a  mind  was  diverted  entirely  from  a  study  in  which  we  must 
think  it  would  have  labored  to  great  advantage. 
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Our  next  American.  Ferrel,  is  certainly  the  greatest 
meteorologist  native  to  America,  if  not  the  greatest  of  the 
world,  if  we  judge  of  his  rank  by  the  advance  that  he  has 
given  to  the  science.  To  no  other  man  do  we  owe  so  much 
in  the  way  of  large,  broad  and  as  is  now  generally  conceded 
correct  views  of  atmospheric  phenomena.  As  Espy  had 
deductively  applied  physical  principles  to  meteorological 
problems,  so  Ferrel  applied  mathematical  methods  to  their 
solution,  and  greatly  to  their  benefit,  not  only  in  the  results 
immediately  secured,  but  in  the  indication  that  he  gave  of  a 
new  line  of  inquiry  open  to  the  meteorologist  of  the  future. 
His  contributions  from  first  to  last  cover  the  whole  field  of 
mathematical  and  physical  meteorology,  electricity  excepted. 

Ferrel's  explanation  of  the  general  planetary  circulation 
of  the  winds  is  one  of  his  greatest  discoveries.  It  has  cer- 
tainly advanced  farther  toward  the  truth  than  any  other 
theory  ever  suggested.  It  may  be  indicated  by  the  following 
considerations. 

The  first  general  view  of  atmospheric  circulation  over  the 
earth  as  a  whole,  calls  for  ccmvectional  interchange  of  air 
currents  between  equator  and  poles.  An  overflow  of 
warm  expanded  light  air  takes  place  from  the  equatorial 
belt,  and  a  return  current  of  cold  heavv  air  comes  back 
from  the  poles.  Under  this  simple  view,  there  would  be 
only  north  and  south  winds,  and  we  should  find  low  pressure 
around  the  equator  where  the  overflow  takes  place,  and 
high  pressure  about  the  poles,  whence  the  under  return 
current  comes.  But  the  winds  blow  obliquely,  and  the  polar 
regions  are  characterized  by  low  pressure,  not  by  high  pres- 
sure. Herein  lies  one  of  the  great  meteorological  puzzles 
that  remained  unsolved  until  Ferrel  approached  it.  Theory 
.seems  to  be  wrong,  but  in  truth,  as  Ferrel  showed,  it  is  not 
wrong  but  only  incomplete.  The  text-books  give  no  suffi- 
cient, explanation  of  the  facts.  Buchan,  the  leading  meteor- 
ologist of  Great  Britain,  had  but  a  lame  explanation  of  it  to 
offer :  he  attributed  the  south  polar  low  pressure  to  the 
"  presence  of  an  excessive  amount  of  moisture  in  the 
atmosphere."  The  belts  of  high  pressure  around  the  tropics 
are  also  insufficientlv  explained  by  most  writers  :  they  are 
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regarded  as  t!ie  effect  of  the  crowding  of  the  equilateral 
overflow  as  it  advances  along  the  converging  meridians 
toward  the  poles ;  but  if  this  were  true,  surely  the  highest 
pressure  should  be  at  the  poles,  where  the  meridians  con- 
verge fastest. 

Ferrel's  explanation  is  vastly  better.  He  shows  that  as 
the  winds  run  toward  the  poles,  they  are  deflected  by  the 
earth's  rotation  into  oblique  courses,  and  hence  a  great 
polar  whirl  results,  turning  in  the  same  direction  as  the 
cyclonic  storms,  and  reversing  the  high  pressure  that  would 
be  caused  by  differences  of  temperature  alone  into  a  low 
pressure,  by  the  action  of  centrifugal  force.  The  air  thus 
held  awav  from  the  poles  is  seen  accumulated  in  the 
tropical  belts  of  high  pressure.  (The  share  that  Alex. 
Thompson,  of  Edinburgh,  had  in  this  discovery  is  referred 
to  in  Science,  1887.)  The  case  is  so  simple  that  it  seems 
like  an  exaggeration  to  proclaim  it  as  a  great  discovery  ; 
but  great  discoveries  have  a  way  of  seeming  very  simple 
after  they  are  made. 

I  have  spoken  of  this  at  length,  because  it  has  a  direct 
bearing  on  the  theory  of  storms.  Mention  has  already  been 
made  of  Dove's  disagreement  with  Redfield  as  to  the 
whirling  character  of  our  ordinary  bad  weather  storms : 
Dove  believed  that  the  alternation  of  our  southerly  wet 
winds  and  northerly  cold  and  dry  winds  was  not  the  effect 
of  the  passage  of  rotary  storms  as  Redfield  had  explained 
it,  but  simply  the  interplay  of  the  equatorial  and  polar  cur- 
rents of  the  general  planetary  circulation  :  he  thought  that 
the  return  polar  current  was  northerly  or  northwesterly  in 
this  hemisphere,  about  opposite  the  southwesterly  equa- 
torial current.  This  is  mechanically  impossible,  as  Ferrel 
has  shown,  and  his  explanation  of  storms  as  the  conflict  of 
planetary  winds  falls  to  the  ground  when  it  is  seen  that 
our  return  polar  current  is  a  northwesterly  wind,  gradually 
running  obliquely  out  of  the  polar  whirl  below,  while  the 
equatorial  overflow  current  as  gradually  enters  it  above. 
The  polar  current  cannot  be  of  itself  a  northeast  wind 
until  it  reaches  the  trade  wind  belt;  but  if  some  cause 
arise,  locally  more   powerful  than  the  planetary  gradients. 
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the  latter  may  be  as  locally  overcome,  and  a  new  wind  will 
be  the  result ;  it  is  this  new  local  wind  that  Dove  had 
identified  with  the  polar  component  of  the  general  circula- 
tion, but  which  we  must  regard,  in  the  light  of  Ferrel's 
results,  as  a  distinct  interruption  in  it.  I  give  importance 
to  this  difference  because  Dove's  view  has  been  largely 
accepted,  and  has  its  followers  to  this  day. 

The  comparison  that  Ferrel  instituted  between  the 
general,  permanent  circulation  of  the  atmosphere  over  a 
hemisphere  of  the  earth  and  the  local,  temporary  circula- 
tion in  a  cyclone  is  one  of  the  broadest  views  that  has  yet 
been  presented  to  the  meteorological  student.  A  cyclone  is  an 
area  of  warm  or  moist  and  hence  light  air,  which  therefore 
becomes  locally  the  centre  of  a  vertical  convectional  circu- 
lation. The  rotation  of  the  earth  requires  that  the  vertical 
circulation  shall  be  compounded  with  a  rotary  circulation ; 
and  the  centripetal  forces  thus  produced  cause  a  further 
decrease  of  pressure  at  the  centre.  The  spiral  inflow  below 
is  accelerated  by  gravity,  and  gains  energ}^  as  it  advances ; 
but  the  spiral  outflow  above  has  to  run  against  the  gradients, 
and  thus  expends  the  energy  gained  below.  In  the  polar 
whirls,  the  central  air  is  cold  and  heavy,  and  the  high 
pressure  that  would  be  thus  produced  is  reversed  to  a  low 
pressure  by  the  whirling  ;  here  the  convectional  circulation 
is  downward  at  the  centre,  the  spiral  inflow  aloft  is  acceler- 
ated, and  the  spiral  outflow  below  has  to  run  against  the 
gradients  ;  it  is  a  cyclone  with  a  cold  centre.  In  both,  the 
air  withheld  from  the  centre  is  seen  in  a  surrounding  ring 
of  high  pressure. 

An  important  application  of  this  is  found  in  the  study  of 
anti-cyclones.  These  are  generally  treated  as  if  they  were 
independent  meteorological  individuals,  like  cyclones,  but 
with  the  circulation  reversed  ;  descending  instead  of  ascend- 
ing at  the  centre ;  but  Ferrel's  demonstration  shows  that  if 
such  were  the  case,  the  distinguishing  mark  of  anti-cyclones, 
their  central  high  pressure,  would  be  reversed  to  low 
pressure,  as  it  is  at  the  cold  poles  of  the  planetary  whirls; 
the  areas  of  high  pressure  that  are  so  common  on  our 
weather  maps  are  therefore  regarded  as  in  part  the  effect 
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of  the  continental  distribution  of  pressure,  and  in  greater 
part  as  the  effect  of  the  overlapping  of  the  high  pressure 
rings  of  two  or  more  adjacent  cyclones. 

Ferrel's  theory  of  tornado  action  is  as  original  as  those 
already  given.  It  has  no  rival :  unlike  all  others,  it  accounts 
not  only  for  the  quality  of  the  tornado  whirl,  but  for  the 
quantity  of  its  blast  as  well ;  it  gives  a  rational  explanation 
of  the  marvellous  concentration  of  energy  in  the  tornado 
centre.  It  is  impossible  to  do  justice  to  it  in  a  brief  abstract ; 
the  reader  should  consult  the  original  essays  in  which,  if  the 
mathematical  treatment  is  difficult  to  follow,  the  explan- 
atory' chapters  are  at  least  open  to  any  diligent  student. 
Indeed,  if  the  meteorologists  of  the  country  were  more 
familiar  with  Ferrel's  writings  it  would  be  greatly  to  our 
advantage,  for  although  so  well  grounded,  his  theories  have 
received  little  general  recognition.  This  is  probably  in  part 
because  his  essays — especially  their  mathematical  portions — 
require  close  reading ;  but  it  is  in  greater  part  the  result  of 
inconspicuous  publication,  and  the  habit  of  teachers  and 
readers  in  general  to  stop  at  text-books  and  compilations 
instead  of  going  to  original  papers.  Ferrel's  first  essay 
appeared  in  the  Nashville  Journal  of  Medicine  and  Surgery  in 
1856,  and  his  second  was  in  Runkles  Mathematical  Monthly 
(Cambridge,  Mass.)  a  few  years  later.  Neither  of  these  jour- 
nals gave  any  popular  currency  to  Ferrel's  ideas.  In  1861 
and  in  later  years,  several  articles  were  published  in  the 
s>2iVS\Q  American  Journal  of  Science,  in  which  most  of  Redfield's 
contributions  had  come  out,  and  all  of  these  have  been 
republished  in  the  professional  papers  of  the  vSignal  Service ; 
so  that  now  there  is  less  excuse  than  formerly  for  neglect  of 
these  fundamental  contributions.  In  1878  and  subsequently. 
the  more  elaborate  Meteorological  Essays  were  published  by 
the  Coast  Survey  "for  the  use  of  the  Coast  Pilot;  "  a  neat 
little  sarcasm,  the  pilot  must  have  thought,  for  in  most  part 
they  are  intelligible  only  to  the  mathematically-elect ;  but 
the  pages  that  compare  theory  with  fact  are  fine  reading  and 
deserve  to  be  much  better  known  than  they  are.  Finally 
the  Recent  Advances  of  Meteorology  was  published  as  an 
appendix  to  the  Chief  Signal  Officer's  reports  for    1886:  and 
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at  present  it  is  (Ratifying  to  learn  that  Professor  Ferrel  is 
preparing  a  popular  book  in  which  his  theories  will  be  pre- 
sented in  form  for  the  general  student. 


The  laborious  analysis  of  wind  records  from  all  parts  of 
the  world  made  by  Coffin  serve  admirably  as  tests  of  Fer- 
rel's  theories.  An  essay  on  "  The  Winds  of  the  Northern 
Hemisphere "  appeared  in  the  sixth  volume  of  the  Smith- 
sonian Contributions  in  1852,  and  over  twentv  vears  later 
the  twentieth  volume  of  the  same  publication  contained  the 
final  tables  and  charts  for  the  world,  which  are  the  most 
extensive  yet  published.  These  were  completed  after 
Coffin's  death  by  his  son,  and  are  accompanied  by  a  general 
discussion  from  the  competent  hand  t)f  the  Russian  meteor- 
ologist. Woeikoff.  Although  the  nature  of  most  of  the 
records  made  it  impossible  to  discuss  the  v^elocitv  of  the 
wind,  and  therefore  its  direction  onlv  was  considered, 
still  even  though  thus  incomplete,  these  charts  are  vet  the 
best  source  of  inft^rmation  for  a  great  part  of  the  world. 
The  general  circulation  of  the  wind  thus  determined  gives 
satisfactorv  confirmation  of  Ferrel's  theories;  but  as  only 
surface  winds  are  considered,  the  field  is  bv  no  means  yet 
exhausted  :  observations  of  upper  clouds  and  on  high  moun- 
tains in  various  parts  of  the  globe  are  still  greatlv  desired. 
All  this  deserves  much  more  extended  mention  than  can  be 
given  it  here  ;  I  have  time  onlv  for  the  following  reference 
to  storms,  which  but  seldom  come  under  Coffin's  special 
attention.  He  wrote  in  1853,  that  the  irregular  motions  of 
the  wind  are  best  accounted  for  "  by  supposing  that  in  the 
general  current  of  the  atmosphere,  there  are  occasional 
eddies  ( '  cvclones ' ).  in  which  the  air  revolves  spirally  from 
right  to  left  in  the  northern  hemisphere,  and  from  left  to 
right  in  the  southern,  the  curve  making  an  angle  with  radius 
vector  equal  to  that  which  the  mean  direction  of  the  wind 
makes  with  the  maximum  and  minimum  line  of  the 
barometer,  and  that  the  barometer  falls  in  the  for- 
ward half  of  these  eddies  and  rises  in  the  latter  half, 
the  amount  of  rise  and  fall  diminishing  as  we  recede 
from    the    central    axis    on    either  side      "■'"      '■•       -       Now, 
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it  is  remarkable  that  this  is  the  verv'  manner  in  which  the 
best  observations  show  it  [the  air]  to  move  in  the  region  of 
storms,  during  which  it  is  known  that  our  greatest  baro- 
metric changes  are  apt  to  occur  ;  and  our  discussion  seems 
to  prove  that  the  two  great  American  champions  of  the 
law  of  storms,  with  those  who  have  followed  the  one  or  the 
other  of  them  on  the  other  side  of  the  water,  are  both  right. 
The  attention  of  one  being  chiefly  directed  to  the  evidence 
of  rotary  motion,  he  failed  to  make  prominent  the  inward 
tendency,  though  I  am  aware  he  has  even  admitted  the  prob- 
ability of  its  existence,  while  the  other,  laboring  to  estab- 
lish the  latter  motion,  omitted  the  former'"  ^Anier.  Assoc. 
Proc,  1853,89,  91).  This  is  an  inductive  confirmation  of 
the  deduction  that  Tracv  had  griven  ten  vears  before. 


The  veteran  American  meteorologist  of  our  time  remains 
to  be  mentioned.  Professor  Loomis  of  Yale  College  has 
for  fifty  years  been  one  of  our  leaders,  and  to  his  text-book 
of  meteorology^  most  of  us  who  have  any  knowledge  of  the 
science  turn  as  our  first  introduction  to  it.  His  first  articles 
followed  Redfield's  first  by  but  few  years,  and  in  1843,  when 
he  was  studying  out  with  great  labor  the  scattered  records 
of  a  land  storm,  it  appears  that  he  was  not  satisfied  with 
either  Redfield's  circles  or  Espy's  radii,  for  in  all  storms  he 
saw  "  certain  common  characteristics,  namely,  an  inward 
motion  with  a  tendency  to  circulate  against  the  sun."^  It 
is  significant  to  find  the  centripetal  motion  mentioned 
here  before  the  circular.  This  same  paper  closes  with  a 
most  interesting  suggestion  concerning  the  results  that 
would  be  gained  from  a  year's  series  of  two  daily  meteoro- 
logical charts  of  the  United  vStates.  We  must  all  congratu- 
late the  venerable  author  on  having  not  only  lived  to  see 
the  accomplishment  of  this  early  desire,  but  on  working 
successfully  in  his  advanced  age  on  our  weather  charts,  and 
producing  from  them  the  finest  inductive  statement  concern- 
ing the  physical  peculiarities  of  cyclonic  storms  that  has  yet 
been    published.     Just    as  Coffin's  work    affords    inductive 
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foundation  for  Ferrel's  theories  of  the  planetary  circulation, 
so  Loomis's  results  give  safe  ground  for  Ferrel's  theoretical 
views  of  cyclonic  circiilation.  These  investigators  have 
followed  very  different  paths,  and  in  the  agreement  of  their 
conclusions  we  find  the  best  confirmation  of  the  correctness 
of  the  modern  physical  views  of  our  science. 

From  the  numerous  precise  statistical  statements  that 
Loomis  has  presented,  I  quote  a  few  that  will  illustrate  not 
only  the  value  but  the  character  of  his  purely  inductive 
method  :  indeed,  for  the  beginner,  there  are  few  examples 
of  inductive  research  better  adapted  to  place  the  method 
before  him.  The  average  velocity  and  course  of  many 
storms  is  taken  from  the  weather  maps  of  the  Signal  Ser- 
vice ;  it  is  tw^enty-six  miles  an  hour,  and  directed  to  N.  81^ 
E.  The  rain  area  generally  extends  eastward  about  550 
miles.  Now  divide  all  the  storms  into  two  classes:  (i)  All 
the  slow  storms,  whose  velocity  is  less  than  the  average ; 
(2)  all  the  fast  storms,  whose  velocity  is  greater  than  the 
average.  Then  measure  the  forward  distance  of  the  rain 
area  for  all  the  individuals  of  the  slow  class,  and  take  its 
average ;  do  the  same  for  all  the  fast  storms.  It  then 
appears  clearh'  that  the  rain  area  extends  far  ahead  of  the 
fast  moving  storms,  and  but  little  ahead  of  the  slow^  ones; 
and  on  the  theory  of  concomitant  variations,  we  must  con- 
clude that  velocity  and  rain  area  are  in  some  way  connected, 
either  as  common  results  of  some  other  cause,  or  as  cause 
and  effect.  It  has  been  thought  that  the  forward  extension 
of  the  rain  area,  itself  the  effect  of  some  cause  yet  to  be 
detected  with  definiteness,  is  the  cause  in  good  part  of  the 
fast  motion  of  the  storm  :  but  exception  has  been  taken  to 
this  view.  In  the  same  way,  analyze  the  directions  of  the 
storms ;  the  average  direction  of  all  that  turn  more  north 
than  the  normal  average  is  N.  44^  E. ;  the  average  direction 
of  the  longer  axis  of  the  rain  area  of  the  same  storms  is  N.  53^ 
E. ;  the  more  southerly  storms  run  S.  69°  E.,  and  their  rain 
areas  average  S.  65  '  E. ;  here  again  is  a  distinct  example  of 
concomitant  variation,  and  we  must  conclude  even  with 
more  confidence  than  before  that  the  rain  area  and  the 
course  and  velocit\-  of  our  storms  are  intimately  connected. 
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So  great  has  been  the  scientific  interest  in  these  studies, 
which  Professor  Loomis  has  now  for  over  ten  years  presented 
to  the  semi-annual  meetings  of  our  National  Academy  of 
Sciences,  that  they  have  been  translated  abroad,  and  to 
them  more  than  to  any  other  source  must  the  inquirer  turn 
for  information  on  this  growing  subject. 


I  have  intentionally  called  this  lecture  a  review  of 
"  Some  American  Contributions  to  Meteorology,"  in  order  to 
emphasize  the  manifest  fact  that  many  contributions 
remain  unmentioned.  The  diligent  student  will  find  much 
instruction  and  entertainment  in  completing  the  review 
here  begun. 

November,   188S. 


INDUSTRIAL     APPLICATIONS     ok     COTTON- 
SEED   OIL. 


By  R{JBERi    (iKi.MSHAW  (Member  of  the  Institite). 


\^Read  at  the  Stated  Meeting  of  the  Franklin  Institute,  Deietnher  k),  /BSS.'] 

Jos.  M.  Wilson.  President,  in  the  Chair. 
Mr.  Grimshaw  : 

In  these  days  there  is  no  industry  in  which  the  main 
product  should  be  considered  alone  ;  the  by-products,  what 
they  are  and  what  may  be  done  with  them,  are  very  often 
almost  equally  important. 

Glycerine,  pyroligneous  acid,  and  a  hundred  other 
important  products,  have  for  us  an  importance  far  beyond 
that  which  was  at  first  claimed  for  them.  The  one  a  waste 
article,  the  other  at  first  made  only  by  direct  process,  we 
find  the  waste  of  yesterday  the  valuable  commodity  of 
to-day,  while  the  manufacture  of  fine  charcoal  for  gun- 
powder making,  produces  pyroligneous  and  acetic  acids 
which  are  worth  more  than  the  charcoal. 

So  is  the  case  of  the  cotton-seed  oil  (itself  formerly  a  by- 
product in  the  manufacture  of  meal  from  the  cotton  seed, 
this  in  its  earlier  turn  a  cumbersome  residue  of  an  important 
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industry),  the  question  must  arise  what  is  left  after  the  oil  is 
expressed ;  and  what  may  be  made  from  this  residuum  ; 
what  are  the  substances  left  in  the  purification  of  the  oil 
itself,  and  what  may  be  done  with  them  ? 

The  uprising  of  humility  is  as  strongly  illustrated  in  the 
case  of  the  cotton  seed  as  in  the  tale  of  "Cinderella."  Long 
considered  a  refuse  for  which  there  was  no  use ;  long 
burned  or  thrown  away,  its  main  and  by-products  are  now 
very  important  elements  in  our  national  industries.  The 
garbage  of  1800  became  the  fertilizer  of  1870,  the  cattle 
food  of  1880,  and  is  now  made  to  yield  table  food  and  useful 
articles  of  industrial  pursuits. 

To-day  we  have  in  the  oil  the  main  product ;  in  the 
residuum  after  its  expression  a  valuable  fertilizer,  and  the 
best  cattle  food ;  in  the  hulls,  excellent  fuel ;  in  the  ashes 
of  these  hulls,  potash  of  high  comm.ercial  value,  and  in 
the  refuse  most  excellent  stock  for  laundry  and  toilet  soaps. 

Cotton  oil  is  used  for  a  great  variety  of  purposes,  and 
probablv  at  the  present  time  it  is  more  widely  known 
throughout  the  world  and  used  for  a  greater  variety  of  pur- 
poses than  any  other  oil. 

In  the  United  States  it  is  made  from  the  decorticated 
and  crushed  upland  cotton  seed,  by  expression,  this  process 
yielding  an  odorless  dark  brownish-green  oil  having  a 
specific  gravity  of  about  -9224.  Being  then  treated  with 
alkaline  solutions  (generally  containing  potash  or  soda),  the 
clear  yellow  oil,  which  is  odorless  and  flavorless  and  has  the 
same  specific  gravity  as  the  crude,  is  drawn  off  by  racking, 
and  the  residuum,  which  is  called  soap  stock,  is  treated  in  a 
suitable  manner. 

The  refined  oil  boils  at  about  600°  F.  and  congeals  at 
about  50°  for  summer-  and  32°  for  winter-pressed. 

The  iVmerican  seed  yields  a  clearer  oil  than  the  Egyptian 
or  the  Indian  ;  and  that  from  our  sea-coast  a  darker  oil  than 
that  from  the  uplands.  The  oil  made  in  Great  Britain  is 
not  so  clear  as  ours,  because  the  seed  there  treated  is  Egyp- 
tian or  Indian,  and  is  not  decorticated,  owing  to  the  diffi- 
culty of  picking  it;  our  American  cotton  parting  with  its 
fibre  in  a  more  satisfactory  manner,  and  generally  yielding 
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better  to  treatment.  The  section  of  country  also  has  much 
to  do  with  the  quality  of  the  oil,  as  do  also  the  weather  and 
the  season.  Some  years,  owing  to  more  favorable  weather, 
Texas  oil  will  be  the  best,  and  others,  Tennessee.  In  some 
seasons,  owing  to  more  favorable  weather,  the  oil  obtained 
from  the  seed  grown  in  the  western  sections  of  the  cotton  belt, 
is  superior  to  that  grown  in  the  eastern  part,  while  in  other 
years  the  eastern  states  yield  a  better  quality  of  oil. 

The  present  consumption  of  cotton  seed  for  oil-making 
purposes  is  about  800,000  tons  a  year,  from  which  there  are 
made  about  28,000,000  gallons,  worth  about  thirty  cents  per 
gallon  in  the  refined  condition. 

The  principal  use  to  which  it  is  put  is  for  food  purposes. 
The  well  established  fact  that  it  is  not  only  healthful,  but 
more  easily  digested  than  almost  any  other  article  of  food, 
accounts  for  the  rapid  increase  of  its  use  for  culinarv  pur- 
poses, which  to-day  amounts  to  a  very  large  proportion  of 
the  entire  production.  It  is  safe  to  say  that  of  the  28,000,000 
gallons  made  each  year,  nine-tenths  enter  into  the  composi- 
tion of  food  products,  principally  refined  lard  and  salad  and 
cooking  oil.  It  is  also  used  for  illuminating ;  in  the  manu- 
facture of  nuts  and  bolts ;  for  wool  soap ;  for  soap  for 
laundry,  bath  and  toilet  purposes  ;  as  an  emulsion  in  medi- 
cine, to  take  the  place  of  olive  oil ;  as  a  substitate  for  cod- 
liver  oil ;  in  packing  sardines,  and  for  dozens  of  other  pur- 
poses as  a  substitute  for  olive  oil. 

Its  lubricating  properties  are  poor,  as  it  comes  in  between 
the  drying  and  the  non-drying  oil.  This  debars  its  use  as  a 
lubricant  either  for  journals  or  for  steam  cylinders. 

By  reason  of  its  non-drying  properties  it  cannot  be  used 
as  a  wood  filler;  nor  for  stuffing  hides  in  the  manufacture  of 
morocco  and  other  leathers. 

As  there  is  nothing  which  can  be  added  to  it  to  make  it 
"drying,"  it  is  for  the  same  reason  debarred  from  use  as  a 
menstruum  for  paints. 

It  has  been  used  to  some  extent  as  a  cosmetic,  to  take 
the  place  of  vaseline  and  similar  substances.  Woollen  mill 
soap  made  from  cotton-seed  oil  is  claimed  to  be  superior  to 
all  others,  and  is  now  the  principal  soap  used  bv  the 
Whole   No.  Vol.  CXX\'II.— (Third  Series.  Vol.  xcvii.)  i :; 
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woollen  mills  of  this  country,  being  also  extensively 
employed  in  England,  Scotland  and  elsewhere.  The  oil  is 
also  used  for  making  laundry  and  all  descriptions  of  family 
and  fancy  soaps. 

From  the  soap  stock  there  is  made  a  washing  powder 
which,  although  not  strictly  one  of  the  products  of  the  cotton 
oil  itself,  owing  its  principal  virtues  to  the  soda  and  potash 
used  in  the  refining  process,  and  which  are  thus  utilized,  are 
nevertheless  by-products  in  the  manufacture. 

From  the  seeds,  after  the  oil  has  been  expressed,  there  is 
made  an  oil-cake,  which  is  an  excellent  food  for  stock. 

The  ashes  from  the  hulls  are  a  verv  good  fertilizer  for 
sugar-cane  and  for  root  crops,  and  are  so  used  extensively. 

As  an  illuminant  it  ranks  between  sperm,  which  has  the 
highest  illuminating  power  of  all  the  burning  oils,  and  lard^ 
which  is  about  the  next  best :  there  being  about  twenty-five 
per  cent,  difference  in  the  candle-power  of  sperm  and  lard 
oils,  while  cotton-seed  oil  comes  in  about  half  way  between 
them.  Alone,  it  may  be  burned  in  any  of  the  ordinary 
lamps  used  in  burning  either  sperm  or  lard  oils.  It  may  be 
mixed  with  petroleum  in  slight  proportions  to  increase  its 
freedom  of  burning  :  this  requiring  some  modification  of 
the  lamp  employed. 

There  are  on  the  coast  of  Maine  a  great  many  establish- 
ments which  put  up  what  are  known  variously  as  sardines 
and  "  shadines."  being  young  shad  and  herring  put  up  as 
are  the  true  sardines  of  Sicily  and  the  south  coast  of  France. 
All  of  these  are  cooked,  and  most  of  them  put  up  in  boxes, 
with  cotton-seed  oil ;  and  of  the  immense  quantity  of  true 
sardines  put  up  in  France  and  other  European  countries, 
nearl'v  nine-tenths  are  now  done  with  cotton-seed  oil  instead 
of  with  olive  as  formerly. 

Among  other  uses  for  which  cotton-seed  oil  would  be 
likelv  to  be  available  may  be  mentioned  the  manufacture  of 
perfumes  as  an  extractive  from  flowers,  candle  making  and 
steel  tempering. 

But  it  is  perhaps  in  the  manufacture  of  refined  lard  that 
cotton-seed  oil  finds  its  principal  use.  It  has  been  employed 
for    this    purpose   for    about   forty   years ;    being  at    first 
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employed  to  temper  down   stock  which  was  intended  for 
sale    to    very   cold   climates    and    which    for   that   reason 
required  to  have  its    chilling   or   stiffening   point  lowered. 
Its  excellence  for  this  purpose  being  known,  and   taken  in 
connection  with  its  cleanliness  of  source  and  manufacture,, 
and  high  nutrient    powers,  its  use  became  more  general,,, 
and  it  was  used  in  lard  for  temperate  climates,  its  extreme 
fluidity  being  corrected  by  the  use   of  a  sufficient  propor- 
tion of   pure    caul    fat    of   the   beef.     So  popular   did   this 
admixture  in  refined  lard  become,  and   the  preference  soon 
setting  in  so  strongly  in  favor  of  those  refined  lards  contain- 
ing cotton-seed  oil  and  beef  fat  in  considerable  proportion,, 
that  at  last  a  lard  was  prepared   especially  for  the   use  of 
Isrealites,  whose  religion  wisely  prohibits   the  use  of  any 
product  of  the  hog,  and  who  had  for  a  long  time  employed 
pure  refined  yellow  summer  cotton-seed  oil  for  salad  dress- 
ing and  for  cooking.     The  filthy  and  unscrupulous  practice 
of  some  of  the  lard  packers,  in  running  into   the  prime  lard 
tanks  every  portion  of  the  hog,  has  led  many  who  have  no 
religious  scruples  against  any  product  of  the  hog,  and  who 
wish    for    something  which  should    be   free    from    unclean 
materials    or    revolting   suggestions   and  associations.     A 
third  reason  adduced  in  favor  of  the  cotton-seed  oil  lard  is 
that  it  is  anti-dyspeptic  ;  while  it  is  claimed  that  only  about 
three-fifths  as  much  is  needed  to  produce  the   same  results 
as  by  hogs'  lard.     It  is  safe  to  say  that   three-fourths  of  all 
lard  made  and  used  contains  cotton-seed  oil,  in  proportions 
from  ten  to  twenty-five  per  cent ;  most  of  it  avowedly  ;  while 
for  many  years,  leading  houses  used  it   secretly,  from  fear 
of  popular  prejudice.     At  present  the  tide  of  public  opinion 
.seems  to  be  setting  in  favor  of  its  use  ;   and  the  principal 
refiners  not  only  admit  that   they  use  it,  but  take  pains  to 
have  that  fact  known,  as  an  argument  in  favor  of  the  purity, 
cleanliness  and  healthfulness  of  the  product. 

The  refined  lard  of  thirty-five  or  forty  years  ago  was 
made  by  pressing  out  from  the  regular  lard  about  fifty  per 
cent,  of  the  oil  that  it  contained,  leaving  the  stearine, 
which  was  combined  with  that  lard.  What  was  left  was  sold 
as  lard.     This  naturally  made  an  accumulation  of  stearine. 
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Later  that  stearine  was  mixed  with  ordinary  lard  so  as  to 
make  the  latter  firmer,  so  that  it  would  answer  better  for 
exportation  to  warm  climates.  As  the  "  shortening  "  of  lard 
is  in  the  stearine  and  not  in  the  oil,  this  lard  with  which 
stearine  was  mixed  answered  better  for  cooking  purposes 
than  the  natural  product,  and  sold  at  a  higher  price  than 
the  latter.  It  was  known  as  "refined.'"  the  term  being  a 
misnomer. 

In  the  old-fashioned  manufacture  of  lard  the  leaf  and 
trimmings  were  put  in  kettles,  and  the  lard  tried  out  by 
heat  applied  outside  the  kettle.  This  made  "  prime  kettle- 
rendered  lard."  Later  it  became  the  custom  to  trv  out  the 
lard  by  injecting  the  steam  into  the  kettle  itself,  so  as  to 
come  in  contact  with  the  lard  and  the  other  materials;  the 
result  being  that  the  water  and  steam  dissolved  out  the 
gelatinous  portions,  so  that  they  could  be  removed,  leaving 
the  lard  whiter  and  purer  than  the  kettle-rendered,  in  which 
latter  the  darker  gelatinous  portions  were  to  a  considerable 
extent  dissolved  by  and  contained  in  the  product. 

The  head  and  gut  fat  were  rendered  together,  making 
"  Xo.  I  "  lard ;  then  there  were  various  greases,  white  and 
yellow,  made  from  the  other  portions  of  the  animal.  The 
grease  was  very  largely  used  in  making  No.  i  and  Xo.  2  lard- 
oil,  for  lubricating. 

Later  the  packers  "went  the  whole  hog,"'  putting  in 
trimmings  and  heads  and  all,  making  but  one  "  straight " 
brand,  known  as  "  steamed  lard.""  There  came  a  time  when 
the  butterine  men  consumed  all  the  leaf  lard  that  was 
made,  grinding  it  up  and  putting  it  in  water  at  about  1 12^ 
to  get  out  the  fat  that  thev  used  for  their  product.  This 
was  known  as  "  neutral ""  lard.  Its  withdrawal  from  the 
prime  steam  lard  lowered  the  qualitv  of  that  product,  and 
left  it  with  a  bitter  taste.  To  supply  the  place  of  the  leaf 
lard  which  was  taken  out,  and  to  correct  the  bitter  flavor 
of  the  prime  steam  lard,  packers  commenced  the  addition 
of  cotton-seed  oil,  a  pure  vegetable  product,  sweet  in  taste 
and  smell,  and  healthful  in  itself.  But  it  made  the  lard  too 
soft.  To  overcome  that  disadvantage,  it  was  found  desira- 
ble to  use  "  oleo-stearine '"  from  beef  suet.   The  suet  fat  was 
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pressed,  and  the  oil  from  that,  called  in  the  trade  "  oleo," 
used  in  the  manufacture  of  oleomargarine;  the  stearine 
left  from  the  pressure  being  used  to  harden  the  lard  already 
softened  by  the  cotton-seed  oil. 

The  "  refined  lard  "  of  commerce  is  to-day  made  of  three 
ingredients:  (i )  refined  packers' lard ;  (2)  pure  pressed  beef 
fat  (oleo-stearine)  and  (3)  pure  refined  cotton-seed  oil.  The 
beef  fat  which  has  too  much  consistency,  is  balanced  bv  the 
cotton-seed  oil,  which  has  hardly  enough  for  ordinary 
temperatures ;  but  both  are  pure,  both  are  clean,  both  are 
nutritious. 

One  reason  for  using  beef  fat  is,  that  hogs'  lard  has  a 
strong  odor  which  is  necessary  to  tone  down  by  admixture 
with  some  other  fat  or  oil.  Pure  hogs'  lard  has  the  disad- 
vantage of  not  keeping  well  ;  rapidly  becoming  soft  and 
rancid  in  the  merchant's  store.  Of  course  it  is  desirable,  if 
not  imperative,  that  such  materials  as  are  added  be  pure, 
healthful  and  nutritious. 

There  are  about  twenty-five  manufactories  of  refined 
lard,  containing  (in  addition  to  hogs'  lard)  beef  fat  and 
cotton-seed  oil ;  and  some  concerns  use  no  hogs'  lard  at  all ; 
these  being  most  open  in  their  avowal  of  the  fact,  and 
claiming  for  their  product  that  it  is  better  than  that  con- 
taining hogs'  lard  as  the  principal  or  secondary  ingredient. 

vSome  of  the  reasons  adduced  why  hogs'  lard,  as  ordi- 
narily made,  should  not  be  used,  are  that  the  hog  is  liable 
to  various  diseases  which  may  be  transmitted  to  the  human 
system;  that  in  its  manufacture  by  many  of  the  packing 
houses  cleanliness  and  proper  care  are  not  always  used ; 
that  competition  offers  a  temptation  to  unscrupulous  dealers 
to  buy  and  use  smothered  or  diseased  hogs,  and  that  dirty 
and  objectionable  parts  of  the  animal  are  used. 

There  was  a  time  when  from  certain  selected  portions  of 
corn-fed  home-raised  hogs  there  was  made,  by  simple  and 
ordinary  domestic  process,  a  lard  which  was  perhaps  entirely 
free  from  any  objectionable  features.  At  present,  hogs  fed 
on  swill  and  on  distillery  grains  form  a  large  percentage  of 
those  which  are  killed  and  packed;  many  diseased  animals 
are  used  ;  the  head,  feet  and  entrails,  as  well  as  unnameable 
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parts,  are  thrown  into  the  rendering  tanks  to  be  made  into 
"  prime  lard,"  instead  of  into  "  white  grease  ;  "  so  that  what 
might  be  admissible,  unchallenged,  as  an  article  of  food,  if 
properly  prepared  from  pure  wholesome  materials,  is  now 
very  open  to  suspicion.  That  these  are  not  old  wives'  tales 
may  be  very  clearly  seen  by  the  testimony  brought  out  at 
the  sitting  of  the  Committee  on  Agriculture  of  the  House 
of  Representatives,  at  Washington,  in  March  of  1888.  Much 
of  this  testimony  is  so  disgusting  and  revolting  that  it  would 
be  very  much  out  of  place  in  a  paper  read  before  a  mixed 
audience. 

James  Matthews  testified,  on  March  20th  of  this  year, 
that  at  the  packing  house  where  he  worked  for  several  years 
in  making  "pure"  lard,  they  put  in  the  pigs' heads,  then  the 
feet,  then  the  rough  lard  and  white  grease  ;  that  there  was 
hair  on  the  heads  and  hoofs  and  toes  on  the  feet,  and  that 
the  white  grease  was  made  from  guts  and  paunches  and 
unmentionable  parts. 

Abram  S.  Jewell  testified,  March  2d  l^page  97 ),  that  the 
white  grease  was  made  from  sore  parts  of  hogs  and  hogs 
which  had  been  smothered  in  the  cars  or  had  died  from 
unnatural  causes. 

Other  witnesses,  familiar  with  the  details  of  the  business, 
and  many  of  the  workmen  in  the  packing  houses,  testified  in 
corroboration  of  these  statements,  and  also  said  that  cripr 
pled  and  sickly  animals  and  "  piggy  "  sows  and  those  which 
had  dropped  their  pigs  in  the  cars,  were  put  right  into  the 
lard  tanks,  the  same  as  healthy  ones. 

The  testimony  of  distinguished  analysts  and  authorities 
is  to  the  effect  that  cotton-seed  oil  is  not  only  perfectly 
harmless,  but  more  wholesome  than  hogs'  lard.  From  a 
mass  of  such  expert  opinions,  I  extract  the  following : 

Extracts  from    Testiniotiy   of  Prof.  H.  IV.  Wiley   before   the    Covimittee  of 
Agriculture,  i'nited  J^tates  Senate,  Washington,  D.  C,  March  ij,  1888. 

Q.  What  would  you  say  of  cotton-seed  oil  when  used  alone  as  an  article  of 
food  ? 

A.  I  should  say  that  it  was  perfectly  wholesome. 
O.  As  wholesome  as  olive  oil  or  hog  fat  or  lard  ? 
A.  Yes,  sir. 
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O.  Or  beef  fat? 

A.  Yes,  sir;  that  is,  as  far  as  our  knowledge  of  the  subject  extends. 

Q.  What  relation,  so  far  as  you  know,  does  cotton-seed  oil  bear  to  olive 
oil? 

A.   It  is  very  nearly  identical. 

O.  From  your  knowledge  of  chemistry  and  also  of  medicine,  please  tell 
us  whether  there  is  any  property  in  cotton-seed  oil  injurious  to  health  ? 

A.  Not  so  far  as  I  know. 

Q.  Does  that  statement  also  apply  to  beef  stearine  used  in  connection 
with  cotton-seed  oil  in  the  manufacture  of  refined  lard  ? 

A.  Yes,  sir.     So  far  as  I  know,  there  is  nothing  in   it  injurious  to  health. 

O.  You  have  stated  that,  so  far  as  you  know,  this  cotton-seed  oil  has  no 
property  that  is  injurious  to  health  ? 

A.  That  is  what  I  stated. 

Q.  Are  the  nutritive  qualities  of  cotton-seed  oil  equal  to  the  nutritive 
qualities  of  pure  lard  ? 

A.  I  should  say  there  would  be  very  little  difference  as  far  as  nutritive 
properties  are  concerned. 

From 

"FOOD  ADULTERATION," 

By 

Jesse  P.    Battershall,  Ph.D.,  F.C.S.,  Chemist  United  States   Laboratory, 

New  York  City,  1887. 

As  a  result  of  the  publicity  lately  given  to  the  subject  of  food  adulteration, 
a  popular  impression  has  been  produced  that  any  substance  employed  as  an 
adulterant  of,  or  a  substitute  for  another  is  to  be  avoided  per  se.  Perhaps  the 
common  belief  that  for  all  purposes  cotton-seed  oil  is  inferior  to  olive  oil,  and 
oleomargarine  to  butter,  is  the  most  striking  illustration  of  this  tendency. 
Now,  as  a  matter  of  fact,  pure  cotton-seed  oil,  as  at  present  found  on  the 
market,  is  less  liable  to  become  rancid  than  the  product  of  the  olive,  and, 
for  many  culinary  uses,  it  is  at  least  quite  as  serviceable.  The  sale  of  these 
products,  under  their  true  name,  should  not  only  be  allowed,  but  under  some 
circumstances  encouraged. 


[From  Medical  Clasdcs,  New  York,  December,  1887  ] 
When,  for  instance,  it  becomes  understood  that  the  addition  of  cotton-seed 
oil  to  lard  is  a  step  in  the  direction  of  wholesome  and  nutritious  food  and  cost- 
ing the  consumer  much  less  than  the  natural  product,  a  great  step  forward 
will  have  been  taken. 


The  magnitude  of  the  lard  industry  of  the  United  States 
may  be  well  imagined,  when  it  is  understood  that  the  exports 
alone  in  1887  were  321,523,746  pounds,  valued  at  $22,703,921. 
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The  output  of  one  lard  house  only  (that  of  N.  K.  Fairbank 
&  Co.)  was,  in  1887,  162,847,211  pounds,  and  will  reach  this 
year,  1888,  about  200,000,000  pounds.  The  refined  lard 
industry  of  this  country  represents  about  $15,000,000  per 
annum,  and  the  cotton  seed  and  cotton-seed  oil  product,  at 
least  $16,000,000.  The  refuse  of  a  generation  ago  is  now  not 
only  an  important  food  for  mankind  and  domestic  animals 
in  two  hemispheres,  but  a  valuable  household  cooking 
material  and  table  delicacy. 

Cotton-seed  oil-cake  is  consumed  not  only  in  America, 
but  in  Great  Britain,  Germany,  Denmark,  Norway  and 
Sweden.  It  is  one  of  the  best  known  animal  foods,  and  has 
a  higher  value  than  any  other  article,^  not  only  for  producing 
milk,  fat,  bone,  etc.,  but  also  for  manurial  uses. 

For  the  purpose  of  determining  the  relative  and  actual 
values  of  nitrogenous  and  non-nitrogenous  foods  upon  the 
fat  and  the  lean  meat  of  the  hog,  many  careful  tests  have 
been  made  by  Profs.  W.  A.  Henry,  of  the  University  of  Wis- 
consin, and  J.  W.  Sanborn,  of  the  Missouri  Agricultural  Col- 
lege. Their  experiments  showed  what  might  have  been 
suspected :  that  the  nitrogenous  food  produced  the  most 
muscle  and  the  non-nitrogenous  the  most  fat. 

The  same  character  of  tests  were  made  upon  lambs,  and 
the  results  of  these  experiments  are  published  by  the  Agri- 
cultural Experiment  Station  of  Cornell  University,  in  its 
Bulletin  No.  2,  for  August,  1888,  from  which  I  extract  the 
following  facts : 

Six  six-months'  old  lambs  were  taken  ;  and  three  fed  upon  oil  meal  and 
coarse  wheat,  bran,  and  later  upon  cotton-seed  meal,  oil  meal  and  bran;  the 
other  lot  of  three  being  given  corn  meal.  Both  were  fed,  during  the  test,  with 
mixed  timothy  and  elover  hay. 

It  was  found  that  the  effect  of  feeding  an  undue  proportion  of  non-nitrog- 
enous food  to  sheep  was 

(i)  To  decrease  the  production  of  wool  by  one-fourth  ; 

(2)  To  decrease  the  strength  of  the  bones  by  one-third ; 

(3)  To  reduce  the  production  both  of  fat  and  of  lean  meat. 

Cotton-seed  meal  as  a  food  for  cattle  largely  increases  the 
flow  of  milk,  makes  richer  milk,  gives  butter  and  cheese  ; 
more  and  better  meat,  and  richer  manure. 
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Its  main  value  is  due  to  the  fact  that  it  supplies  the 
albuminoids  and  fats  which,  in  hay,  straw,  corn-stalks  and 
the  like,  are  lacking.  It  makes  rich  manure  and  it  may  be 
used  to  add  to  poor  foods  the  albuminoids  which  thev  lack. 

The  annexed  table,  giving  the  water,  ash,  digestible 
nutrients,  nutritive  ratio,  and  money  feeding-value  of  various 
American  feeding  stuffs,  is  taken  from  Feeding  Animals,  by 
E.  W.  Stewart. 


Digestible    Nutrients 


Kind  op  Vkcv. 


Clover  hay, 

Meadow-  hay , 

Timothy  hay, 

'  >at  straw, 

Wheat  straw, 

Rye  straw 

Corn  strflks, 

Fodder  beets, 

Potatoes,      

Turnips, 

Barley, 

Oats, 

Rye,      

Wheat       

Sorghum  seed 

Ghiten  meal,  dry ; 

Dried  ^ugar  meal, 

Glucose  sugar  meal 

Brewtrs'  grains,  wet,  .... 
Brewers'  grains,  dry,  .    .   .    .  , 

Malt  sprouts, 

Buckwheat  bran 

Corn  bran 

Rve  bran , 

V\  heat  bran 

Wheat  middlings, 

Pea  meal 

Corn  meal, 

Linseed  cake 

Linseed-oil  meal,  old  process. 
Linseed-oil  meal,  new  process, 
Cotton-seed  meal  decorticated, 


/•  c. 
i2'56 
10-50 

1 1  07 

Q'62 

6  50 
ii'ii 
15  00 
■8800 
75  00 
9200 
1430 
1430 
14-30 
14-40 
12-52 

Q15 

8-50 
72  20 
75-00 

8-19 
10-28 
14-00 

12  00 
11-48 


1 1  40 
15  19 
1000 

9-20 
10-75 

8-33 


80 


96 


67 


3 

5 
3 

368 
5  68 
318 
3  50 
1-48 
597 
587 
557 
725 


/■  c. 
7  82 
4-38 
3-67 
1-44 
0-85 
0-95 
I  10 
I -10 
2-10 
i-io 
8-00 
9-00 
9-90 

11  70 
6-84 

23-30 

10  20 
3  20 
406 

14  52 
18-82 
13-50 
6-20 

1 2  00 

11  72 
11-60 
20 -90 

727 
2904 
25-85 
2825 
35' 75 


ft*  ^ 


/•  c. 

40-25 

4455 
41  25 
4262 
3770 
37  55 
.7-00 
lo-co 

2 1 -80 

6- 10 
58-90 
4330 
65-40 
64  30 
53-06 
50-92 
54' 50 
19-30 

9  73 
37-41 
5295 
44CO 
55-00 
48  98 
4466 
48-87 
55-40 
63-40 

33-09 
26  52 


1-49 

I -06 
1-01 

0-66 
0-54 

o  54 
030 
o  10 
020 

0  10 

1  70 
4-70 
1-60 
I -20 
2-99 
3  80 
540 
1-80 
1-41 

4-77 
0-88 
3-90 
360 

■43 
2-58 
2-68 
2-80 
3-29 
4-53 
708 
2 -So 
II  65 


as  I. 

5-6 
107 
12-7 
30- 6 
458 
410 
344 

93 
10  6 

5-8 

79 
6-1 


4-4 
4-4 
4-7 
30 
98 
i'5 
I  6 
1-3 
I  "4 


Feeding  -Vauhb. 


"J 
u  o 
0.0 


$0  77 
62 
62 
47 
39 
40 
39 
14 
29 


70 

I  08 

58 

I  «3 

8-5 
2-5 
5-4 

I  "3 
I   16 

7-4 

39 

32 

32 

3  3 

I  20 

a  o 
> 


$5  40 
12  40 
12  40 
9  40 

7  80 

8  CO 
780 
2  80 
580 


19  00 
19  60 

21  6a 

22  60 
18  oo 
32  60 

23  20 
780 
6  40 

24  00 
2660 
23  00 

I  18  40 

I  17  80 

I  30  40 

ao  00 

30  60 

I  20  60 

:  35  00 

I  33  20 

3080 

I  45  00 


As  a  fertilizer  one  ton  of  cotton-seed  hull  ashes  has  as 
much  value  as  four  and  one-half  of  average  hard  wood  ashes 
or  fifteen  of  leached  hard-wood  ashes. 

Two  years  ago,  Messrs.  Joseph  Sears  and  Oliver  Bum- 
ham,  of  Chicago,  started  to  work  out  a  process  to  utilize  the 
hulls  which  were  being  thrown  away  or  else  used  as  fuel  to 
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run  the  boilers  of  the  air  mills.  After  long  and  patient  ex- 
periment and  the  expenditure  of  a  large  sum  of  money,  they 
at  last  have  perfected  a  machine  which  is  now  running  in 
St.  Louis  and  is  now  supplying  paper  mills  with  a  fibre 
which  comes  next  to  the  best  of  linen  in  the  quality  of 
paper  it  produces.  The  fibreless  husk,  after  separating  the 
lint,  makes  a  valuable  cattle  food.  Being  rich  in  carbo- 
hydrates it  is  an  excellent  material  to  feed  with  cotton-seed 
meal,  distillery  grains  and  similar  material  having  too  high 
a  nutritive  ratio.  It  is  giving  the  greatest  satisfaction  and 
the  mill  cannot  supply  the  demand.  The  same  is  true  of 
the  demand  for  fibre. 

The  following  diagram   illustrates  the  gradual  division 
of  the  products  from  a  ton  of  seed  :  • 

Cotton  Seed,  2  ooo  lbs. 


Meats,  1,089  Ib^- 


Lint,  2Q  lbs. 


Cake,  800  Ib'i 


Meal. 


Crude  Oil,  289  lbs 


lj\V inter  Yellov 


Summer  Yellow. 
Cotton-Seed  Stearine.  j 


Soap  Stock. 


Soap-. 


Sal.ul  Oil. 


Summer  White. 


L-ir^. 


Hulls,  891 

lbs. 

Fibre. 

Bran. 

1 

1 

(High-Gra''e  Paper.) 

(Cattle  Food.) 

Fuel. 

A<;hes. 

Fer 

tilizer 

Cottoline, 


I  Miners'  Oil 


Sonp 


And  now,  in  conclusion,  if  I  have  brought  out  in  this  con- 
nection any  facts  or  figures  which  are  new  and  interesting  ; 
if  I  have  pointed  out  with  some  emphasis  the  importance 
and  proportions  of  the  industries  which  have  arisen  in  con- 
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nection  with  what  was  once  a  waste,  a  so-called  worthless 
product  ;  and  if  in  so  doing  I  have  in  any  way  encouraged 
earnest  and  original-minded  men  to  seek  in  the  wastes  of 
to-day,  wealth  for  themselves  and  valuable  products  and 
processes  for  the  millions"  use — the  time  which  I  have 
devoted  to  the  preparation  of  this  paper  and  that  which  you 
liave  so  courteously  awarded  its  reading,  will  have  been 
w^ell  spent. 


The   debt   of    MEDICAL    and  SANITARY  SCIENCE 
TO  SYNTHETIC  CHEMISTRY. 


Bv  Prof.  Sam'l  P.  Sadtler,  Ph.D. 


fy4  Lecture  delkiered  before  the  Franki^in  Institute,  Januarv  2S,  iSSg.'] 

The  lecturer  was  introduced  by  Dr.  Persifor  Frazer, 
Professor  of  Chemistry  in  the  Institute,  and  spoke  as 
follows  : 

Members  of  the  Institute,  Ladies  and  Gentlemen: 

Writers  on  the  history  of  chemistry  record  the  existence 
of  a  class  of  latro-chemists,  who  succeeded  the  alchemists 
proper,  and  paved  the  way  for  the  emergence  of  chemistry 
as  a  distinct  branch  of  science  from  the  mists  of  alchemv. 
These  were  medical  men  who,  seeking  for  additions  to  their 
materia  medica,  turned  their  time  and  attention  to  the  pursuit 
of  chemistry.  So  it  comes  about  that  chemistry  undoubtedly 
owes  its  earliest  cultivation,  if 'not  its  birth,  to  the  followers 
of  the  medical  profession.  Its  debt  of  gratitude  for  this  it 
has  from  time  to  time  endeavored  to  repay  in  instalments, 
but  is  now  preparing  to  square  up  any  balance  due,  by  turn- 
ing all  the  resources  of  modern  synthetic  methods  toward 
the  manufacture  of  new  remedies  of  therapeutic  value.  Per- 
haps the  busy  physician  may  say  that,  if  he  has  to  master 
the  nomenclature  of  modern  organic  chemistry  in  order  to 
avail  himself  of  the  use  of  these  compounds,  it  is  a  doubtful 
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blessing.  But  here  steps  in  the  enterprising  manufacturer 
and  patentee,  who  coins  for  him  (and  copyrights  for  himself) 
such  suggestive  words  as  "  antipyrine,"  "  antifebrine,"  "  asep- 
tol "  and  "  saccharin,"  and  thus  allows  the  practitioner,  if  he  so 
desire,  to  prescribe  the  new  remedy  without  mastering  either 
the  chemical  formula  or  the  scientific  name  of  the  compound- 
While  the  materia  medica  of  the  medical  profession  has- 
been  for  many  years  predominantly  organic,  as  distinguished 
from  inorganic  or  mineral  in  character,  these  organic  com- 
pounds have  been  taken  almost  exclusively  from  the  vege- 
table kingdom.  Chemistry  has  only  been  asked  to  perfomi 
the  minor  service  of  extracting  these  plant  principles  and 
purifying  them  for  use  as  medicines. 

The  artificial  manufacture  of  medicinal  chemicals  was 
confined  to  a  few  important  compounds,  chiefly  anaesthetics, 
like  ether,  chloroform  and  chloral  hydrate.  The  additions 
to  the  list  of  medicinal  chemicals  of  artificial  or  synthetic 
manufacture  have  been  so  numerous,  however,  in  the  last 
few  years,  that  it  seemed  desirable  to  present  a  classified 
enumeration  of  the  more  important  of  them,  or  at  least  of 
those  in  the  classes  of  anaesthetics  or  hypnotics,  antiseptics, 
analgesics  and  antipyretics.  I  have  therefore  selected  this 
as  my  subject  for  this  lecture,  and  will  endeavor  to  group, 
from  the  chemical  point  of  view,  some  of  the  newer  of  these 
compounds,  and  to  look  at  the  question  as  to  whether  any 
correspondence  can  be  made  out  between  chemical  grouping 
and  therapeutic  action. 

I  have  put,  in  Class  I,  all  the  derivatives  of  methane,, 
including  with  the  newer  ones,  ether,  chloroform,  iodoform 
and  chloral  hydrate  for  comparison ;  in  Class  II,  phenols  and 
allied  compounds;  in  Class  III,  other  phenyl  derivatives; 
in  Class  IV,  pyrrol  derivatives ;  and  in  Class  V,  quinoline 
derivatives. 

Class  I  — Methane  Derivatives. 
Methylene  dimethylic  ether  (methylal),  .     .     .     CH,,,(OCH;,)2 

Ethylidene  diethylic  ether  (acetal) CH:;,CH.(0C,H;)2 

Tertiary  amyl  alcohol  (amylene  hydrate),  .     .     (CH:i),.,C,(C2H5)OH 
Paraldehyde '     .     .     .     .     (CH^CHO), 
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Diethyl  sulphon-dimethyl-methane  (sulphonal),  ( CH  j)j,C,(C3H5SO.,), 

Ethylic  ether (CH,),0 

Methylene  chloride  (dichlor-methane),  .     .     .  CH,.Clo 

Chloroform  (trichlor-methane) CHCl.j 

Iodoform  (triiodo-methane) CHI, 

Chloral  hydrate CCUCHO  +  HjO 

Butyl-chloral  hydrate  (croton  chloral),    .     .     .  C,H4C1,,.CH0+Hj0 

Ethylene  chloride CjHi.Clo 

The  relationship  of  these,  apparently  somewhat  diverse. 
•conipounds,  is  more  clearly  seen  if  we  express  them  in 
graphic  formulae,  alongside  of  the  formula  of  methane. 

H 

I 
H— C— H  (Methane). 

I 
H 

H  CH, 

I  I 

H— C— OCH.  (Methylal).  H— C— OC.H,  (Acetal). 

I  ■  1 

OCH,  OCoH, 

CH.  ^ 

i  I   °. 

■CH,— C— C,H,  (Amylene  hydrate).  (CH.— C— ^);  (Paraldehyde). 

OH  H 

:  CoH-.so., 

I  <'  I 

1^H»— C—       (Urethane).  CH,— C— CH3  (Sulphonal). 

OC.H,  CoHsSO, 

H  H  H 

I  I  I 

CH,— C— O— C— CH,  (Ether).        H— C— CI  (Methylene  chloride). 

I  I  I 

H  H  CI 

CI  I 

H— C— CI  (Chloroform).  H— C— 1  (Iodoform*. 

k  ! 

p.  r- 

I     "  I     o 

CCl,— C—       (Chloral).  C3H4CI3— C—       (Butyl  chloral). 

1  I 

H  H 

H    H 

I      I 
CI— C— C— CI  (Ethylene  chloride). 

I       I 
H    H 
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NOTES    ON    THE    CHEMICAL    AND    THERAPEUTIC    CHARACTERS 
OF   COMPOUNDS    IN    CLASS    I. 

(n  Methylene  Dimethylie  Ether  [\l^t\iy\2X).  CH2(OCH3)2.— 
Is  made  by  distilling  methyl  alcohol  with  sulphuric  acid  in 
the  presence  of  maganese  dioxide.  Is  a  colorless  liquid, 
sp.  gr.  0-85 5  at  17°  C,  boils  at  42°  C,  and  has  an  odor  resem- 
bling that  of  chloroform  and  acetic  ether,  with  warm, 
aromatic  taste.  Is  soluble  in  alcohol,  ether  and  in  three 
parts  of  water.  Its  vapor  is  not  inflammable.  It  is  a 
soporific,  producing  quiet  sleep.  The  patient,  however, 
becomes  rapidly  used  to  it,  so  that  it  must  be  used  in 
increasing  doses.  Is  claimed  to  be  an  antidote  to  strych- 
nine poisoning  when  hypodermically  used. 

( 2 )  Ethylidene-diethylie  Ether  ( Acetal  J.  CH3,CH,( OC^Hj)^. — 
Is  obtained  as  a  by-product  of  the  alcohol  or  aldehyde 
manufacture,  or  can  be  made  direct  from  aldehyde.  Is  a 
limpid  liquid,  sp.  gr.  0'82i  at  22^  C,  and  has  a  boiling-point 
104"  C.  Is  soluble  in  eighteen  parts  of  water  at  25°  C,  but 
miscible  with  alcohol  in  all  proportions.  Is  given  internally 
as  a  narcotic,  in  doses  of  one  and  one-half  to  two  and  one- 
half  drachms  (five  to  ten  grammes). 

(3)  Aniylene  Hydrate.  C5Hj,,OH. — Is  prepared  from  amy- 
lene  CsH^,  and  sulphuric  acid  and  water  at  0°  C.  Is  a  clear 
fluid,  with  an  odor  reminding  one  slightly  of  camphor.  Is 
soluble  in  eight  parts  of  water;  also  soluble  in  alcohol.  Has 
a  sp.  gr.  o-8i2  at  12"  C,  and  a  boiling-point  102°  C,  Is  used 
as  a  soporific,  one  fluid  drachm  producing  sleep  for  six  to 
eio-ht  hours  without  unpleasant  secondary  effects;  seems  to 
be  intermediate  in  power  between  chloral  hydrate  and  paral- 
dehyde. 

(4)  Paraldehyde.  (C^H^Olj. — Is  formed  from  ordinary  alde- 
hyde, by  the  action  of  small  quantities  of  sulphuric  or  hydro- 
chloric acids  or  salts  like  ZnCL  at  ordinary  temperatures. 
Is  a  colorless  liquid,  boiling  at  124^'  C,  sp.  gr.  0-9943  at  20°  C. 
Requires  twelve  parts  of  water  for  solution.  Is  a  hypnotic 
like  chloral  hydrate,  but  not  so  depressing  on  the  heart ; 
also  acts  as  an  anaesthetic  in  larger  doses. 

C    ^H 

(5)  Ethyl   Carbamate    (Urethane).     CO  <  Qp  h  • — Is  made 
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by  the  action  of  ammonia  upon  ethyl  carbonate,  urethane  and 
ethyl  alcohol  being  formed,  or  by  heating-  urea  nitrate  and 
alcohol  to  120°  to  130°  C,  when  ammonia  is  given  off. 
It  forms  colorless  crystals  of  slight  ethereal  odor  and  tastes 
like  saltpetre;  is  soluble  in  water  and  alcohol.  Melts  at  47^ 
to  50°  C,  and  boils  without  decomposition  at  180°  C.  Is 
used  as  a  soporific,  but  does  not  produce  a  comatose  state 
like  chloral  hydrate.  Is  said  to  be  specially  adapted  for  use 
as  a  soporific  with  children. 

(6)  Sulphonal.  (Diethyl  Sulphon-dimethyl-methane). 
(CH3),,C,(CHsS02)2. — Forms  heavy  colorless  prismatic  crys- 
tals, melting  at  i25°-5  C. ;  not  very  soluble  in  cold  water, 
more  readily  in  boiling  water,  in  alcohol  and  alcoholic  ether. 
Is  a  hypnotic  of  value,  especially  in  the  insomnia  of  the 
insane  and  similar  cases. 

(7)  Methylejie  Chloride.  CHjCl^. — Is  a  colorless  liquid, 
having  a  chloroform-like  odor  and  neutral  reaction.  Is 
soluble  in  alcohol  and  ether.  Was  first  introduced  by  Dr. 
B.  W.  Richardson,  some  years  ago,  as  an  anaesthetic,  but 
was  impure,  and  several  deaths  followed  its  use.  Latterly, 
having  been  obtained  quite  pure,  it  has  been  successfully 
reintroduced.  It  has  a  sp.  gr.  1*349  at  14°  C,  and  boils  at 
40°  C.     It  is  pleasant  to  inhale. 

(8)  Butyl  Chloral  Hydrate.  C3H,Cl3,CHO  ^  H^O.— Is  pre- 
pared by  passing  chlorine  into  acetaldehyde,  until  it  ceases 
to  be  absorbed,  and  then  rectifying  and  collecting  that  frac- 
tion boiling  at  163°  to  165°  C.  This  is  cr\^stallized  with  water. 
Forms  white  scales  of  a  silky  lustre,  a  peculiar  fruit-like 
odor,  warm,  bitterish  taste  and  neutral  reaction.  It  melts 
at  78°  C,  and  is  freely  soluble  in  alcohol,  ether,  glycerine 
and  hot  water.  It  is  a  valuable  hypnotic,  producing  quiet 
sleep  without  impairing  the  muscular  tone  of  the  body. 

(9j  Ethylene  Chloride.  C^H^Cl,. — This  is  rather  taken  as 
representative  of  a  class  of  chlorinated  bodies,  which  in- 
cludes, besides  this  compound,  ethyl  chloride,  CH^^Cl ;  ethyl- 
idene  chloride,  CH3,CHCU  (isomeric  with  ethylene  chloride, 
CH2C1,CH2C1)  and  carbon  tetrachloride,  CCl^.  These  all  possess 
hypnotic  and,  in  some  degree,  anaesthetic  properties,  but 
have  not  met  with  general  acceptance,  because  of  apparent 
injurious  after-effects. 
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If  now  an  effort  be  made  to  find  some  connection  between 
chemical  constitution  and  therapeutic  eft'ect,  we  at  once  step 
upon  uncertain  ground.  The  systematic  testing  of  the 
several  classes  of  methane  derivatives  has  not  been  carried 
far  enough  to  enable  us  to  speak  with  much  certainty  as  to 
the  effect  of  the  compounds  as  classes,  and  above  all,  in 
many  cases,  the  compounds  tried  have  not  always  been 
chemically  pure.  The  chlorinated  side-products  of  the 
chloroform  made  from  alcohol  afford  an  illustration  of  this. 
Unless  a  substance  can  be  purified  by  recrystallization,  as 
in  the  case  of  chloral  hydrate,  or  be  gotten  of  absolutely 
fixed  and  uniform  boiling-point,  we  have  no  assurance  of  its 
purity. 

Still  we  can  recognize  several  general  features  in  study- 
ing the  structural  formulae  of  the  compounds  already 
described.  The  chlorinated  derivatives  of  methane  all 
show  hypnotic  character,  advancing  in  the  case  of  several 
to  the  character  of  anaesthetics,  which,  however,  may  or 
may  not  be  accompanied  by  other  eft'ects  which  limit  -their 
safe  application. 

The  introduction  of  the  methyl  and  oxymethyl  groups 
(CH3  and  OCH3)  and  the  ethyl  and  oxyethyl  groups  (C.H, 
and  OC^H.)  in  place  of  the  hydrogen  of  the  methane  mole- 
cule apparently  gives  us  also  compounds  of  hypnotic  char- 
acter, as  illustrated  in  methylal,  acetal.  amylene  hydrate, 
sulphonal  and  urethane. 

These  slight  indications,  which,  as  said,  must  be  taken 
with  reserve,  may  then  serve  to  point  out  some  other  com- 
pounds as  possessing  in  all  probability  analogous  thera- 
peutic character.  Thus,  both  the  methyl  and  the  ethyl 
orthoformic  ethers,  CH,(OCH3)3  and  CH.(OCH.)3,  and  what 
is  known  as  tribasic  acetic  ether,  CH3,C(OC2H5)3,  are  suffi- 
ciently analogous  to  methylal  and  acetal  to  have  similar 
effects ;  trichloracetal,  CCl3,CH,(OC.,H.).^,  stands  in  chemical 
composition  related  to  both  acetal  and  to  chloral  and 
should  have  analogous  character ;  tertiary  butyl  alcohol, 
(CH3)3,COH,  should  be  analogous  to  amylene  hydrate  ( tertiary 
amyl  alcohol ).  As  said,  these  are  probabilities,  but  some  of 
them  may  fail.     The  old  adage  says :  "  The   proof  of  the 
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pudding  is  in  the  eating  of  it,"  and  until  they  are  tried,  we 
cannot  speak  with  any  certainty. 

Class  II. — Phenols  and  Allied  Compounds. 

Phenol  (carbolic  acid) CcH5(0Hj 

CresoJ  (cresylic  acid) C6H4(CH:jOH 

Resorcin  (metadioxybenzol) ^  r  H  (ViW\ 

Hydroquinone  (paradioxybenzol) '      ' 

Thioresorcin, CoH4(SH).^ 

a-Naphthol lc,„H,.OH 

/3-NaphthoI, ) 

Tribromphenol CcHjBra.OH 

Trichlorphenol CoH,CI„OH 

Salicylic  acid C«H4(OH),COOH 

Phenyl  salicylate  (salol) CcH4(0H),C00CcH,. 

/?-Naphthyl  salicylate  (bet on.         CoH4(OH),COOC,oH, 

a-Oxynaphthoic  acid C,oHr,(OH),COOH 

Orthophenol-suiphonic  acid  (aseptol),     .     .     .  C„H4(HS0;i),0H 

Di-iodophenol-sulphonate  (soziodol),       .     .     .  Cr,Ho(HSO.i)l2,OH 

These  compounds  all  contain  the  phenol  group  (OH) 
with  the  exception  of  thioresorcin,  in  which  the  corre- 
sponding vSH  group  replaces  it.  They  do  not  exhaust  the 
list  of  phenol-like  bodies,  as  creasol  and  quaiacol  of  wood 
tar,  thymol  contained  in  several  essential  oils  and  pyrocate- 
chin  and  pyrogallol  might  be  included,  but  the  list  has  been 
limited  to  strictly  synthetic  compounds  of  medicinal  or 
sanitary  value. 

NOTES    UPON    THE    CHEMICAL    AND    THERAPEUTIC    CHARACTER 
OF    COMPOUNDS    IN    CLASS    II. 

(i)  Crcsol  (Cresylic  Acid).  C,-H/CH3)OH. — Accompanies 
phenol  or  carbolic  acid  in  coal  tar.  As  extracted  from  coal 
tar,  it  is  a  mixture  of  the  three  isomeric  cresols,  and  has  a 
sp.  gr.  of  1*039  to  I '044.  It  differs  from  carbolic  acid  in 
being  liquid,  less  soluble  in  water  and  boiling  at  a  higher 
temperature.  It  is  claimed  for  cresylic  acid  that  its  anti- 
zymotic  action  is  superior  to  that  of  carbolic  acid,  one  part 
of  a  two  per  cent,  solution  added  to  ten  parts  of  a  ferment- 
ing liquid  stopping  all  further  fermentation. 

(2)  Resorcin  (Metadioxybenzol).  C,;H4(OHj^. —  When  pure 
forms  white  crystals  with  a  faint  odor  and  sweetish,  acrid 
Whole   No.  Vol.  CXXVII.— (Third  Series.  Vol.  xcvii.)  14 
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taste.  Is  easily  soluble  in  water,  alcohol  and  ether.  Is 
used  both  externally  and  internally  as  an  antiseptic  and 
anti-fermentative,  being  free  from  the  highly  toxic  character 
of  phenol. 

(3)  Hydroquinonc  (Paradiox^^benzol).  C6H/OH)2. — Forms 
colorless  prisms  soluble  in  seventeen  parts  of  water  at  15°  C, 
more  readily  soluble  in  alcohol  and  ether.  It  melts  at 
169°  C.  Is  changed  to  quinone  by  the  action  of  oxidizing 
agents.  It  is  claimed  for  it  that  in  many  instances  it  is  to 
be  preferred  to  resorcin,  as  it  reduces  temperature  in  much 
smaller  doses,  and  is  the  foremost  of  the  antiseptic  and 
anti-fermentativ^e  phenols.  It  has  recently  been  introduced 
into  photography  as  a  substitute  for  pyrogallol. 

(4)  Thioresorcin.  CyH^(SH)^,. — Yellowish-gray  flocculent 
powder.  Is  insoluble  in  ordinary  solvents,  soluble  freely  in 
solutions  of  the  alkalies,  alkaline  carbonates  and  alkaline 
sulphides.  Powerful  and  non-irritant  antiseptic.  Is  used 
also  as  a  substitute  for  iodoform. 

(5)  a-Naplitkol.  C,yH-,OH. — Crystallizes  in  shining  needles, 
melts  at  95°  C,  boils  at  278 -'  to  280^  C,  and  readily  volatil- 
ized. Is  prepared  from  «-naphthylamine  or  from  «-naphtha- 
lene-sulphonic  acid.  Is  an  antiseptic  of  extraordinary 
efficiency  in  hindering  the  development  of  pathogenic 
micro-organisms.  Its  anti-zymotic  effect  in  preventing  the 
alcoholic  fermentation  in  glucose  solutions  is  very  strong, 
(i  :  lO'OOO  of  glucose). 

(6)  ^-Naphthol.  CidH^.OH. — Occurs  in  colorless  or  grayish 
silky  leaflets  with  faint  phenol-like  odor  and  burning  taste. 
Melts  at  123°  C,  and  boils  at  286^  C.  Is  not  ver}-  soluble 
in  cold  water,  but  much  more  soluble  in  hot,  readily  soluble 
in  alcohol,  ether,  benzol,  chloroform  and  in  alkalies.  Is 
used  as  an  antiseptic  and  for  external  application  in  skin 
diseases. 

(7)  Tribrompkenol.  C^H,Br3,OH. —  Soft  white  needles, 
melting  at  95°  C,  and  subliming  unchanged  at  higher  tem- 
peratures. Soluble  in  alcohol,  ether  and  chloroform,  not  in 
glycerine.  Readily  soluble  in  caustic  alkalies  from  which 
it  is  separated  unaltered  by  acids.  Is  used  as  an  antiseptic 
dressing  and  disinfectant  in  purulent  and  gangrenous  pro- 
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cesses.     According   to  experimenters  it   does  not  cauterize 
the  mucous  membranes  of  the  mouth,  nose  or  pharynx. 

(8)  Trichlor phenol.  CfiH.Cls.OH.— Is  the  chief  product  of 
the  action  of  chlorine  upon  phenol.  Forms  needles,  melting 
at  68°  C,  and  boiling  at  244"  C.  Is  easily  soluble  in  alcohol 
and  ether.  Used  for  antiseptic  dressings  and  as  a  germi- 
cide. Also,  used  in  (rermany  very  effectivelv  for  erysipelas. 
Its  antiseptic  power  is  said  to  be  twentv-five  times  as  great 
as  that  of  phenol. 

(9)  Salicylie  Acid.  C6H,(OH),COOH.— Is  now  made  by 
Von  Heyden's  successors,  under  Kolbe's  patent,  as  improved 
by  Schmidt,  C,,H,ONa  (sodium  phenol)  +  CO,  =  C.HpNa 
CO  OH  (sodium  phenol-carbonic  acid).  This  later  compound, 
when  heated  to  a  temperature  of  140"  C.  under  pressure, 
undergoes  molecular  rearrangement  and  yields  C^H/OH) 
COONa  (sodium  salicylate)  from  the  solution  of  which  the 
acid  is  precipitated  by  hydrochloric  acid.  Salicylic  acid  is 
used  both  as  such  and  as  sodium  salt.  Used  both  internally 
and  as  antiseptic  for  water,  milk,  meats  and  foods. 

(10)  Phenyl  Salicylate  iSalol).  C,H,(OH),CO  OC,H,.— Is 
made  by  the  combination  of  salicylic  acid  and  phenol. 
Forms  a  white  tasteless  powder  of  faint  aromatic  odor,  insolu- 
ble in  water,  but  soluble  in  alcohol.  It  seems  to  combine 
the  qualities  of  phenol  and  salicylic  acid,  and  it  is  supposed 
that  these  substances  are  liberated  from  it  by  the  decompos- 
ing influence  of  the  pancreatic  juice.  It  is  used  in  rheu- 
matism, neuralgia,  and  is  also  a  powerful  antipyretic  and 
antiseptic. 

Ill)  .-i-Naphthyl  Salicylate  (Betol  or  Naphthalol).  CgH^ 
( OH),CO  OC„jH-. — Is  a  compound  analogous  to  salol,  but 
obtained  from  ^9-naphthol  and  salicylic  acid.  Is  in  white 
micaceous  scales,  melting  at  95^  C,  nearly  insoluble  in 
water,  easily  soluble  in  boiling  alcohol,  odorless  and  taste- 
less. Is  not  decomposed  by  acids  or  the  gastric  juice,  but, 
like  salol,  is  decomposed  by  the  pancreatic  juice.  Is  analo- 
gous in  uses  to  salol,  but  not  so  widely  useful. 

(12)  Orthflpheiiol-Sulphonie  Acid  (Aseptol).  C-HXHSO^), 
OH. — Is  a  pinkish  or  yellowish  liquid,  having  an  odor 
resembling  carbolic  acid,  and  a  gravity  of  i"45.    It  is  readily 
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soluble  in  water,  alcohol  and  g^lycerine.  The  trade-name 
"  aseptol  "  is  oriven  to  a  thirty-three  and  one-third  per  cent, 
solution  of  thf  acid.  It  is  antiseptic,  and  is  said  not  to  be 
poisonous  or  irritant.  It  has.  therefore,  been  found  adapted 
in  dilute  solution  for  ophthalmological  practice. 

(13)  Di-iodopliciiol  Sulplionatc  (Soziodol).  QHoiHSOaJl^, 
OH. — Is  a  white  crystalline  powder,  slit^htlv  acid  in  taste, 
without  odor.  Melts  at  over  200°  C,  and  is  decomposed, 
giving  off  violet  vapors.  Scarcely  soluble  in  cold  or  hot 
water  ;  not  readily  soluble  in  alcohol.  The  sodium  salt  is, 
however,  easily  soluble  in  water,  alcohol  and  glycerine. 
The  sodiiim,  potassium,  mercury  and  zinc  salts  have  been 
therapeutically  examined.  The  salts  and  the  free  acid  are 
now  extensively  used  for  both  external  application  as  a  sub- 
stitute for  iodoform,  internally,  and  for  insufflations.  It 
contains  from  fifty-two  to  fifty-four  per  cent,  of  iodine. 

(14)  a-Oxynaphthoic  Acid.  C,„H,;(OH)CO  OH.- -Is  formed 
from  ^/-naphthol  by  methods  analogous  to  those  used  for  the 
preparation  of  salicylic  acid  from  phenol.  It  is  an  almost 
white  crystalline  powder,  nearly  free  from  odor,  very  irritat- 
ing to  the  nostrils  and  of  pungent  taste.  Is  insoluble  in 
water,  but  soluble  in  alkalies,  moderately  soluble  in  alcohol, 
but  less  so  in  chloroform  and  benzine.  Is  said  to  be  five 
times  stronger  as  a  disinfectant  than  salicylic  acid  and  pro- 
portionally more  fatal  to  bacteriai  and  animal  parasites. 

This  class  of  phenols,  naphthols  and  derived  compounds 
are  at  once  seen  to  include  the  most  important  of  anti- 
septics and  anti-fermentations  now  known.  The  distinct 
germicide  character  of  many  of  them  makes  them  very 
important  in  preventing  the  spread  of  these  minute  and 
dangerous  forms  of  life.  There  are,  no  doubt,  many  addi- 
tional compounds  that  will  ultimately  be  brought  into  this 
class  of  agents.  The  phenols  and  naphthols,  the  aromatic 
acids,  like  benzoic,  toluic  and  phthalic,  and  the  mixed 
phenol  acids  like  salicylic  and  oxynaphthoic  acids,  together 
with  a  long  list  of  their  derivatives,  will,  in  the  end,  be 
ranked  here. 
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Class  III. — Other  Phenyl  Derivatives. 


Acetophenone  (hypnone), 
Acetanilide  (antifebrine), 
Brom-acetanilide,     .     .     . 

Benzanilide 

.Acetyl-amidophenol,     . 
Para-acetphenetidine  (phenacetine), 
-Acetyl-phenylhydrazine   (pyrodine), 
I'henylhydrazine- levulinic       acid       (antither- 

min) C,-,H,.N.,H(CH,).C.(CH.,)2C0  0H 


CH,  CO.CH, 

QHj.NH.CH.O 

CoH4Br.NH.CoH,0 

C,H:,.NH.C:H,0 

QH4(OH).NH.QH30 

C.H4(OC.,H,).NH.CoHaO 

C.,H„NeH,(C,H,0) 


Benzoyl  sulphinide  (saccharin) Cr,H4^ 


C0\ 


\SO.,/ 


NH 


NOTES  ON  THE  CHE.MIC.M,  AND  THERAPEUTIC  CHARACTERS 
OF  COMPOUNDS  OF  CLASS  III. 

( I)  Acetophenone  (Hypnone).  C^,H5,CO,CHj. — Is  formed  by 
distilling-  a  mixture  of  calcium  benzoate  and  calcium 
acetate.  Forms  large  crystalline  scales  or  plates,  melting 
at  20°-5  C,  and  boiling  at  202°  C.  Sp.  gr.  1-032.  Has  an 
odor  recalling  bitter  almonds,  is  not  soluble  in  water  or 
glycerine,  but  soluble  in  alcohol,  ether  and  chloroform.  Is 
recommended  as  a  hypnotic  and  used  hypodermically. 

12)  Acetanilide  (Antifebrine).  C«HjNH,aH;,0.— White 
crysljalline  scales  or  needles  according  to  the  solvent  from 
which  re-crystallized,  melting  at  120°  C,  and  boiling  at  292° 
C,  and  sublimable.  Is  odorless  and  tasteless.  Difficultly 
soluble  in  cold  water  ( r  in  60)  and  hot  water  ( i  in  50),  easily 
soluble  in  alcohol,  ether,  chloroform  and  benzol.  Is  used  as 
a  sedative,  a  febrifuge  and  an  antipyretic,  and  in  neuralgic 
and  rheumatic  affections. 

(3)  Brom-acetanilide.  C.HjBr,XH,C,H,0.--The  para  com- 
pound is  made  by  adding  the  theoretical  amount  of  bromine 
to  a  solution  of  acetanilide  in  glacial  acetic  acid  and  then 
purifying  by  recrystallization  out  of  alcohol.  Forms  color- 
less prismatic  needles,  melting  at  i65°-4  C.  Moderately 
soluble  in  alcohol;  insoluble  in  cold  water.  Is  supposed  to 
combine  the  .sedative  effects  of  bromides  with  the  antifebrile 
effects  of  acetanilide. 

(4)  Benzanilide.  CfiHj.NH.CjHsO.— Is  made  by  the  action 
of  benzoic  acid  upon  aniline.  When  recrystallized  out  of 
alcohol  forms  white  pearly  scales  with  faint  purplish  tinge. 
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Fuses  at  163°  C.  Insoluble  in  water ;  sohible  in  alcohol: 
difficultly  soluble  in  ether.  Said  to  be  analogous  in  thera- 
peutic character  to  acetanilide. 

(5)  Acetyl-amidophenol.  CfiH,(OH),NH,C2H30.  —  Is  pre- 
pared by  dissolving  amidophenol  in  hot  acetic  anhydride 
and  then  precipitating  out  the  compound  on  the  addition  of 
water.  Forms  scales,  melting  at  201'^  C.  Easily  soluble  in 
alcohol  and  hot  water:  soluble  also  in  alkalies. 

(6)  Para-acetphenetidinc  (^Phenacetine).  CgH^(OC.H,j),NH, 
C2H,0. — Forms  a  white  crystalline  powder  perfectly  tasteless 
and  odorless,  melting  at  135°  C.  Slightly  soluble  in  water, 
hot  or  cold,  somewhat  more  so  in  glycerine,  but  freely  solu- 
ble in  alcohol  and  ether.  Is  said  to  be  a  reliable  anti- 
pyretic and  anti-neuralgic,  the  dose  being  half  that  of  anti- 
pyrine. 

The  ortho-acetphenetidine  has  also  been  tried  and 
found  to  be  of  similar  character. 

(7)  Acctyl-phoiylhydrazine  (Pyrodinei.  CfiH.,N2H2(C\HaO). 
— Is  a  white  cr3^stalline  powder :  verv  sparingly  soluble  in 
cold  water. 

Is  a  powerful  antipyretic,  much  more  so  than  antipvrine, 
antifebrine  or  phenacetine,  but  also  much  more  toxic  than 
these  bodies.  Hence  must  be  administered  with  proper 
care  and  observation. 

(8)  PJicnylhydrazinc  Levulbiic  Acid  (Antithermine).  CgH,, 
N,H(CH3\C,(CH,)2COOH.— Is  prepared  by  dissolving  phe- 
nylhydrazine  in  dilute  acetic  acid  and  then  adding  a 
solution  of  levulinic  acid.  This  causes  a  yellow  precipitate 
to  form,  which  crystallized  from  alcohol  is  gotten  in  well- 
formed  prismatic  crvstals.  Is  said  to  be  a  powerful  anti- 
pyretic. 

{<^)   Benzoyl    Sulpliinide    (Saccharin).     C,H/ ^'^  ^NH.— 

This  interesting  substitute  in  sweetening  effect  for  sugar  is 
a  white  powder  of  slight  odor  of  oil  of  bitter  almonds,  espe- 
cially noticeable  when  heated.  Slightly  soluble  in  cold 
water;  more  readily  in  boiling  water.  Reacts  acid  and  has 
an  intensely  sweet  taste,  said  to  be  280  times  as  strong  as 
cane    sugar.      Is    readily    soluble    in    alcohol.     It    passes 
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through  the  system  unchanged  and  unabsorbed.  It  acts, 
moreover,  as  an  antiseptic  and  anti-fermentative. 

It  will  be  seen  on  looking  at  this  list  that  we  have  among 
them  a  number  of  anilides  and  derivatives  of  the  same. 
This  observation,  of  course,  points  out  the  possibility  of 
similar  character  attaching  to  other  derivatives,  and  the 
analogous  character  of  derivatives  of  toluidines  on  the  one 
hand,  and  diphenylamine  on  the  other.  The  study  of  the 
chemical  character  of  "  saccharin  "  has  already  led  to  dis- 
coveries of  analogous  compounds.  I  am  permitted,  by  my 
friend  Prof.  Remsen,  in  whose  laboratory  saccharin  was 
originally  discovered,  to  show  this  evening  three  of  these 
derivatives  of  saccharin,  which  possess   great    interest   in 

this  connection.     They  are  CfiH;,Br  <  qq      NH  (brombenzoic 

C  CO  \ 
sulphinide),   CgH^fNO,,)    J  g^   ^  NH    (nitro-benzoic   sulphin- 

(  CO  \ 
ide),  and  CgH3(NH2)  ]  oq    ,NH(amido-benzoic  sulphinide). 

The  first  is  sweet  when  tasted  by  the  tip  of  the  tongue  and 
bitter  at  the  base  of  the  tongue ;  the  second  is  intensely 
bitter,  and  the  third  is  intensely  sweet.  Prof.  Remsen  has 
also  prepared  the  chlorine  and  the  fluorine  derivatives ;  the 
former,  like  the  bromine  compound,  is  both  bitter  and 
sweet,  the  sweet  taste  predominating ;  on  the  other  hand, 
the  fluorine  compound,  strange  to  say,  is  SAA(eet  like  the 
amido  compound. 

Class  IV. — Pyrrol  and  Pyra/.ol  Derivatives. 

Tetraiodopyrrol  (iodol) C4HI4N 

Diphenyl-methyl-pyrazol C,(C„H,X,,(CH:<)HN., 

Phenyl-dimethyl-pyrazolon  (antipyrine),      .     .     (C,-,Hr,)  (CH.,)...  C:iHN30 

NOTES  ON  THE  CHEMICAL  AND  THERAPEU'IIC  CHARACTERS 

OE  GROUP  IV. 

(i)  Tetraiodopyrrol  (Iodol).  C.,HI^N. — Forms  yellowish- 
gray,  fine,  light  powder.  Feels  like  talc  between  the 
fingers.  Is  almost  insoluble  in  water,  but  easily  soluble  in 
alcohol ;  soluble  also  in  ether.  Is  decomposed  at  the  boiling 
point   of    alcohol.      Tasteless    and    odorless.       It    contains 
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nearly  eighty-nine  per  cent,  of  iodine.     Is  about  equal  to 
iodoform  in  antiseptic  power,  but  free  from  all  toxic  effects. 

(2)  Diphenyl-methyl-pyrazol.  C3(C6H^)2,(CH3)HN2. — Forms 
white  needles,  melting  at  1 50^  C.  Difficultly  soluble  in  water, 
ligroin  and  ether ;  easily  soluble  in  alcohol  and  glacial  acetic 
acid.  Is  distinguished  from  antipyrine  by  its  distinctly 
basic  character.  Is  said  to  act  like  antipyrine,  and  to  be 
used  under  analogous  conditions. 

(3)  PJienyl-diinctJiyl-pyrazolon  (Antipyrine).  (C6H5)(CH3)2 
C3HN2O. — Forms  a  white  crystalline  powder  or  in  scales, 
and  is  very  soluble  in  water.  It  melts  at  113°  C.  Its  most 
characteristic  reactions  are  with  ferric  chloride,  with  which 
it  turns  dark  red,  and  with  nitrous  acid,  or  nitrites,  with 
which  it  turns  emerald  green.  It  is  one  of  the  most  suc- 
cessful of  antipyretics,  and  is  used  as  well  for  its  analgesic 
effects,  as  a  remedy  for  sea-sickness,  etc. 

Class  V. — Ouinolink  Uekivatives. 

Quinoline. C9H7N 

Methyl-tetrahydroquinoline sulphate (M.  Kair- 
oline), CoH„N(CH3).HoS04 

Ethyl-tetrahydroquinoline  sulphate  (A.  Kair- 
oline). QH,oN(CH5).H»S04 

Methyl-tetrahydro-oxyquinoline  hydrochlorate 

(M.  Kairine) C,H,„NO(CH3)HCl4-H20 

Ethyl-tetrahydro-oxyquinoline     hydrochlorate 

(A.  Kairine) C,H,„N0(C,H5)HC1 

Tetrahydroparaquinanisol  (thalline),       .     .     .     C9HioN(OCHi) 

Ethyl-tetrahydroparaquinanisol  (ethyl-thai- 
line),    QH,(QH5)N.(0CH,) 

Methyl-trihydro-oxyquinoline  carbonate  of  so- 
dium (thermifugin) C9H.(CH3)N,CO  ONa 

NOTES  ON  THE  CHEMICAL  AND  THERAPEUTIC  CHARACTERS 

OF  GROUP  V. 

(i)  Quinoline  1  Chinolin ).  C,,H-N. — Quinoline  is  a  nitrogenous 
base  found  in  coal  tar  and  in  bone  oil.  It  is,  moreover, 
made  synthetically  by  Skraup's  synthesis  froiti  aniline, 
nitrobenzol  and  glycerine.  Several  of  its  salts  have  been 
tried  in  medicine,  prominent  among  which  is  the  tartrate. 
This  is  in  the  form  of  a  white  micaceous  crystalline  powder, 
of  pungent  odor  and  sharp,  though  not  unpleasant   taste. 
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It  is  an  antipyretic  although  inferior  to  the  others  in  this 
group. 

(2)  Ethyl  and  Met hyl-tetrahydroquino line  sulphates  (Ethyl 
and  Methyl-Kairoline)  C3Hi„N(aH,),H2SO,  and  C<,H,.,N(CH3), 
HgSO^.  In  both  cases,  the  acid  sulphate  was  used,  and  their 
action  is  similar  to  but  slower  than  that  of  kairine  salts. 
They  are  not  now  in  use. 

(3)  Methyl  and  Ethyl-tetrahydro-oxyqiducdine  hydrochlorates 
(Methyl  and  Ethyl-Kairine)  C,H,.,NO(CH3)HCl'4-  H.O  and 
C9H,„NO(C,H,)HCi.  The  methyl  salt  is  that  generally 
known  as  "kairine."  It  is  a  grayish  or  yellowish  crystalline 
powder  of  slight  phenol-like  odor,  and  of  saline-bitter  and 
somewhat  aromatic  taste.  It  is  dilhcultly  soluble  in  cold, 
more  easily  in  hot  water ;  difficultly  soluble  in  alcohol  and 
glycerine,  and  nearly  insoluble  in  ether,  chloroform  and 
carbon  disulphide.  It  melts  at  110°  C.  It  is  an  antipyretic, 
but  has  to  be  given  in  repeated  large  doses,  and  has  been 
replaced  in  practice  by  antipvrine,  acetanilide  and  later 
compounds. 

(3)  Tetrahydroparaqiiinaiiisol  and  its  Ethyl  Derivative  ( Thai- 
line  and  Ethyl-thallinei.  CyH^NCOCHji.— Thalline  itself 
crystallizes  in  rhombic  crystals  fusing  at  40°  C,  of  a  peculiar, 
pleasant  aromatic  odor,  and  solitble  in  water,  ether  and  alco- 
hol. The  salts  that  have  been  used  are  the  tartrate,  the  tan- 
nate  and  the  sulphate.  The  latter,  now  known  as  the  commer- 
cial "  thalline,"  is  a  white  crystalline  powder,  which  fuses  at 
110°  C,  and  is  moderately  soluble  in  water,  but  difficultly  in 
cold  alcohol.  A  drop  of  ferric  chloride  solution  produces  a 
beautiful  dark-green  color,  which,  in  the  course  of  a  day, 
becomes  red  and  ultimately  yellow.  The  reaction  will  show 
in  extremely  dilute  solutions.  The  name  is  due  to  this 
reaction,  which  is  produced  by  a  variety  of  oxidizing  agents. 
It  is  a  very  efficient  and  rapid  antipyretic,  and  is  said  to  be 
best  administered  in  repeated  small  doses,  so  as  to  produce 
cumulative  ejtfect.  Is  parti cularlv  recommended  for  typhoid 
fevers. 

(4)  Methyl-lrihydro-oxyquinoline  carbonate  of  sodium  ( ther- 
mifugin).  CyH,(CH,)N;CO  ONa.— The  acid  was  recently  dis- 
covered by  Nencki,  of  Basel.     Its  sodium  salt,  the  "thermi- 
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fugin,"  has  been  found  by  Dr.  Demme.  of  Berne,  to  be  an 
interesting  antipyretic.  It  is  said  to  combine  the  three 
effects  of  reducing  temperature,  of  retarding  the  pulse,  and 
of  increasing  the  blood  pressure.  The  free  acid  forms  beau- 
tiful crystals,  which  are  but  little  soluble  in  water  or  alcohol, 
and  melt  at  265  °  C.  The  sodium  salt  is  faintly  yellowish- white,, 
lustrous  and  dissolves  to  form  a  brown  solution. 

With  this  compound  is  completed  the  last  or  fifth  group 
of  compounds  selected  for  mention.  These  five  groups, 
however,  do  not  cover  the  whole  ground  of  synthetic 
compounds  introduced  into  medicine  in  recent  years. 
Liebermann  showed,  in  1878,  that  a  reduction  product 
of  chrysophanic  acid  C,,H,„()^.  to  which  he  gave  the 
name  of  chrysarobin,  and  the  formula  CjoH^riO-  was  the 
active  principle  in  Goa  powder.  Now,  as  chrysophanic 
acid  is  the  alizarine  of  methyl-anthracene,  Liebermann 
determined  to  investigate  the  reduction  products,  or 
leuco-bodies.  as  they  are  termed,  of  commercial  alizarine 
and  purpurine.  He  has  thus  discovered  recently  a  series  of 
compounds,  to  which  he  gives  the  names  of  ''  niithrarobins." 
The  large  sample  shown  is  commercial  anthrarobin  from 
artificial  alizarine.  It  is  a  vellowish-white  powder  perma- 
nent in  air.  insoluble  in  water  and  dilute  acids,  but  readily 
soluble  with  brown-vellow  color  in  dilute  solutions  of  the 
alkalies  and  alkaline  earths,  the  solutions  in  contact  with- 
oxygen  passing  through  green  and  blue,  finally  into  alizarine- 
violet.  Anthrarobin  is  used  already  in  many  cases  of  skin 
diseases.  It  is  said  to  be  intermediate  in  character  between 
chrysarobin  and  pyrogallol. 

The  list  of  miscellaneous  s\-nthetic  preparations  might 
be  expanded  at  great  length,  but  mv  object  was  not  so  much 
to  make  an  enumeration  as  to  classifv  the  more  prominent 
of  these  compounds. 

If  the  question  be  asked  what  limits  can  be  set  to  the 
possibilities  in  the  direction  of  svnthetic  manufacture,  I 
would  remind  the  inquirer  that  when  W.  H.  Perkin  divS- 
covered  mauve,  the  first  of  the  aniline  dyes,  in  1856,  no  one 
could  have  predicted  the  enormous  development  of  the  coal- 
tar  color  industry.     So  now,  it  is  impossible  for  us  to  foresee 
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how  extensive  or  how  rapid  will  be  the  development  of  the 
manufacture  of  synthetic  remedies.  We  have  yet  to 
accomplish  the  synthesis  of  most  of  the  important-alkaloids, 
and  it  is  likely  that  hundreds,  if  not  thousands,  of  analogous 
working  compounds  will  be  obtained  before  all  of  them  are 
thoroughly  investigated. 

In  conclusion,  I  must  acknowledge  my  indebtedness  to 
E.  Merck,  of  Darmstadt  and  New  York,  to  Messrs.  Lehn  & 
Finck,  W.  H.  Shieffelin  &  Co.,  Roessler  &  Hasslacher,  John 
Campbell  &  Co.,  Eimer  &  Amend,  Lutz  &  Movius,  Wm. 
Pickhardt  &  Kuttroff,  of  New  York,  and  to  Drs.  S.C.  Hooker 
and  H.  W.  Jayne  and  Messrs.  Bullock  &  Crenshaw,  of  this 
city,  for  favors  in  the  presentation  or  loan  of  specimens  for 
the  illustration  of  this  lecture,  * 

University  of  Pen.nsvlvania. 
Philadelphia,  January,  1889. 


PERMEABILITY  of  CEMENTS. 


By  Lewis  M.  Haupt. 


The  desirability  of  using  concrete  of  cement  for  lining 
aqueducts,  cisterns,  tanks,  and  for  the  construction  of  sub- 
marine tunnels,  dams,  and  other  works,  involves  the  ques- 
tion of  the  permeability  of  the  materials,  especially  when 
the  conduits  are  subjected  to  hydrostatic  pressure;  yet  the 
literature  of  the  subject  appears  to  be  very  meagre.  Doubt- 
less many  facts  exist  of  value  to  engineers  on  this  important 
subject,  but  they  do  not  appear  to  be  available  to  the  pro- 
fession, and  the  recent  discussion  upon  the  possibility  of 
lining  the  new  Washington  aqueduct  with  concrete  instead 
of  a  brick  ring  with  dry  back  filling  has  failed  to  develop 
any  material  facts,  but  reveals  a  remarkable  difference  of 
opinion  amongst  those  taking  part  in  that  discussion.  The 
accompanying  paper  may  be  of  some  service  in  this  direc- 
tion, and  is  presented  with  the  view  of  eliciting  further  facts 
from  engineers  or  others  who  may  be  interested  in  the 
subject.  L.  M.  H. 
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NOTE    ON    THE    PERMEABILITY    of    MORTARS    OF 
PORTLAND   CEMENT,   and  their  DECOMPO- 
SITION  UNDER   THE  ACTION  OF  THE   SEA. 


By  MM.  Leon  Durand  Claye,  Engineer  in  Chief  of  Bridges  and  Roads, 
and  Paul  Debray,  Assistant   Engineer. 


[Translated  from  the  Annales  des  Fonts  et  Chausees,  May,  1888,  by  L.  M. 
Haupt,  Professor  of  Civil  Engineering,  University  of  Pennsylvania,  for  the 
Journal  of  the  Franklin  Institute.] 

Until  the  present  time  it  was  generally  admitted  that 
mortars,  composed  of  Portland  cement,  if  not  absolutely 
unalterable  by  sea  water,  at  least  were  affected  only  by  its 
destructive  action  after  long  exposure,  and  then  only  to  a 
small  extent. 

Several  recent  accidents  have  unfortunately  impaired 
general  confidence  in  the  use  of  Portland  cements,  and  show 
that,  to  prevent  unfortunate  contingencies  in  maritime 
works,  it  is  alivays  necessary  to  observe  the  most  minute 
precautions  in  the  mixing  of  mortars,  as  well  from  Portland 
cement  as  from  hydraulic  limes,  for  use  in  masonry. 

Quay  walls,  laid  in  solid  mortar,  called  beton,  composed 
of  about  200  kilograms  (440  pounds)  of  Portland  cement  to 
each  cubic  metre  of  sand,  and  from  1 50  to  200  kilograms  of 
water,  laid  in  layers  and  surmounted  by  ashlar  masonry, 
were  disintegrated  by  the  action  of  sea  water  in  a  very  short 
time,  /.  r.,  in  less  than  a  year  for  certain  parts  of  the  work. 

It  has  been  observed  also  that  the  masonr}'  of  wet 
docks  gives  evidence  of  movement  within  the  few  months 
succeeding  the  letting  in  of  the  w^ater,  and  in  a  short  time 
shows  numerous  fissures,  even  where  there  has  been  used  a 
Portland  cement  mortar  containing  300  kilograms  (660 
pounds)  of  cement  per  cubic  metre  of  sand  for  the  hearting 
and  400  kilograms  for  the  facing. 

At  the  request  of  the  Commission  on  Tests  of  Cements, 
we  proceeded  to  analvze  numerous  specimens  collected  with 
care  bv  resident  engineers  and  to  seek  to  explain,  by  the  aid 
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of  laboratory  experiments,  the  accidents  with  which  we  were 
impressed. 

The  present  note  gives  the  result  of  our  studies  and 
researches. 

(l)    ANALYSIS    OF   THE   SPECIMENS. 

The  samples  of  "beton  de  sable,"  fifteen  of  which  were 
sent  us,  were  not  taken  from  the  same  cross-section,  nor 
even  from  the  same  part  of  the  quay  wall ;  they  are  not 
then  justly  comparable.  Nevertheless,  profiting  by  the 
suggestions  sent  us  therewith,  we  have  presumed  to  place 
them  in  the  same  hypothetical  section,  classifying  them  from 
the  top  to  the  bottom  of  the  section. 

We  state  hereafter  in  a  table,  where  the  samples  are 
classed  in  this  order,  the  leading  results  of  our  analysis,  in 
percentages  of  lime,  magnesia  and  sulphuric  acid.  Accept- 
ing the  suggestions  given  us  by  a  member  of  the  Commis- 
sion on  Cement,  we  give  also  the  weight  of  magnesia  to  the 
sum  of  the  weights  of  the  lime  and  magnesia.  This  state- 
ment may  be  regarded  as  characteristic  of  the  condition  of 
the  specimens. 


Namb  of  Sample. 


Per  Cent. 

of 
Magnesia. 


Per  Cent. 

of 

Lime. 


Relative 

Weight  of 

Magnesia 

to  the 

Total  Weight 

of  Lime  and 

Magnesia. 


Quantity 

of 

Sulphuric  Acid. 


M, 
P, 
T-, 
H, 
G, 
E', 
F, 
D, 
N, 

ic" 
k" 

Bf 
C, 

A, 


>3'o5 
1 3 -go 
1 1  "40 

Q'75 
8-50 

:o'20 

10  10 
n-45 

5-80 
4-70 

1 1  "90 
9'95 

ii'SS 
6-iS 


o  02 

O'Ol 
0*02 

o'03 
0-03 
o'i6 
o"oi 
o'oi 
o'04 

^'ii 
0-45 
o'o3 

O'Ol 
0"02 

0-30 


o'o5 
o"io 
o"so 
o"o5 
o"05 
0-30 
0-45 
o'4o 
o'6o 
o*6o 
0*40 
0-95 
0-35 
0*40 
o'6o 


An  inspection  of  this  table  shows  that  the  proportion  of 
magnesia  and  the  amount  of  sulphuric  acid  are  very  variable 
from  one  specimen  to  another,  which  can  only  be  due  to  the 
action  of  the  sea  water  after  placing  the  b^ton  in  the  water 
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of  the  basin.  It  is  also  observed  that  the  samples  showing 
the  largest  amounts  of  magnesia  or  sulphuric  acid  correspond 
to  those  parts  of  the  quay  walls  which  suffered  most  damage. 
We  give  also  below  the  analysis  of  mortars  taken  from 
the  masonry  joints  of  the  wet-dock,  from  places  where  the 
cracks  appeared  largest  and  most  alarming. 


1 

Per  Cent 

Per  Cent. 

. 

of 

of 

Relative 

Sulphuric 

Magnesia. 

Lime. 

\\  eight. 

Acid. 

Mortars  from  under 

he 

) 

I " 

3"50 
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o"3i 

I'lO 

banket    of   the  graving 

] 

2 

2' 70 

8-45 

0-24 

0-85 

dock 

3 

1-65 

8-05 

0-17 

I '30 

Mortars    from    the    curb 

) 

4 

4". SO 
780 
4-05 

685 

039 

i"55 

of  the  graving  dock 

; 

b 
6 

740 

o'43 
035 

I 'CO 

The  results  of  this  analysis  show  distinctly  that  in  the 
second  case  as  in  the  first,  mortars  of  Portland  cement  have 
been  materiallv  changed  bv  the  action  of  sea  water. 

(2)    EXPERIMENTS    ON   THE    PERMEABILITY    OF    MORTARS. 

In  perfectly  sound  specimens,  obtained  from  the  highest 
parts  of  works  where  the  basins  had  not  yet  been  filled 
with  water,  we  have  invariably  found  that  beton  of  sand 
and  mortars  were  not  only  very  porous,  but  also  very  per- 
meable. 

We  call  attention  to  the  fact  that  it  is  necessary  to  m.ake 

a  marked   distinction  between  porosity  and  permeabilit)-. 

Porosity  is   the  faculty  which   motars  exposed  to  the  air 

have  of  absorbing  a  certain  quanity  of  water  whenever  they 

are  immersed  in  a  vessel  and  left  there  sufficiently  long. 

It    is    an    easy  matter    to    determine    the    measure    of    the 

porosity.      For   this    purpose   take    any  assumed   quantity, 

which  is  weighed,  either  immediately  or  after  drying,  in  a 

moderate   temperature.     This  gives   a  known  weight  (P). 

The    same    specimen    is    again    weighed    after   saturation, 

giving  a  greater  weight  P' .     Hence,  the  porosity  is  given 

by  the  ratio 

P'  —F 

P 
which  represents  the  proportional  increase  of  weight  of  the 
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mortar  resulting  from  the  absorption  of  a  certain  quantity 
of  water  which  has  penetrated  the  pores  and  filled  the  voids 
occupied  by  the  air. 

Permeability  is  the  faculty  whereby  blocks  of  mortar 
submitted  to  the  action  of  a  head  of  water  on  one  of  their 
faces,  transmits  through  their  mass  a  certain  quantity  of 
the  water.  Other  things  being  equal,  the  permeability 
would  be  measured  by  the  amount  of  water  which  passes 
through  in  a  given  time. 

It  is  a  very  difficult  matter,  however,  to  put  different 
blocks  of  mortar  under  equal  conditions,  so  that  the  volume 
of  water  passing  through  them  may  give  a  measure  of  their 
relative  permeability. 

We  will  explain,  subsequently,  the  apparatus  we  have 
prepared  to  measure  the  permeability  of  mortars  of  dif- 
ferent compositions,  but  without  being  able  to  reach  very 
satisfactory  results. 

Although  it  is  not  possible  to  measure  with  mathe- 
matical accuracy  the  permeability  of  specimens  of  mortars 
taken  from  masonrv,  it  is  always  easv  to  learn  whether  or 
not  they  are  permeable. 

It  is  sufficient  to  seal  upon  a  fragment  of  the  mortar. 
whatever  its  form  may  be,  by  means  of  ^vax,  a  glass  tube  of 
about  a  meter  in  height,  and  to  fill  this  tube  with  water. 
^,Fig.  /,  pi.  6.) 

When  the  mortars  are  very  permeable,  the  water  in  the 
glass  tube  is  seen  to  fall  quite  rapidly,  and  a  condensation 
more  or  less  profuse  takes  place  on  the  mortar.  The 
experiment  may  be  repeated,  as  soon  as  desired,  by  refilling 
the  glass  with  water. 

The  glass  tube  may  also  be  connected  with  a  "Mariotte" 
flask,  thus  maintaining  a  constant  head.  But  in  either 
case,  the  irregularity  in  the  form  of  the  specimen  under 
treatment,  and  the  difficulty  of  noting  the  influence  of  this 
irregularity  on  the  rate  of  filtration,  prevents  the  giving  of 
a  coefficient  of  precise  value  for  the  permeabilitv  of  experi- 
mental mortars. 

Having  recognized  the  permeability  of  the  beton  and 
mortar  which  we  have  submitted  as  susceptible  to  decom- 
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position  under  the  action  of  sea  water,  we  have  thought  to 
reproduce  the  phenomena  under  investigation  bv  substitut- 
ing for  sea  water  some  solutions  of  the  salts  of  magnesia. 

In  a  first  experiment  we  have  submitted  a  sound  block 
of  "  beton  de  sable  "  to  the  action  of  a  six  per  cent,  solution 
of  sulphate  of  magnesia,  applied  upon  erne  of  the  side  faces, 
under  a  mean  pressure  of  ten  centimetres  in  height.  For 
this  purpose,  we  placed  this  block  in  an  earthen  vessel,  as 
shown  in  Fig.  2.  By  means  of  a  packing  of  neat  cement  we 
formed,  on  the  left  of  the  block,  a  sort  of  reservoir,  which 
was  filled  each  day  with  the  above  solution.  The  water 
filtered  through  the  block  and  collected  in  the  t)ther  part  of 
the  vessel,  from  which  it  was  withdrawn  periodically  by  a 
siphon. 

From  the  date  of  the  placing  of  the  specimen  it  was 
ascertained  that  there  was  produced  an  expansion  in  the 
mass  of  the  block  ;  about  the  sixteenth  day  there  was  visible 
on  the  upper  face  the  first  fissure  three  to  four  centimetres 
long  and  perpendicular  to  the  bearings. 

The  next  day  another  fissure  was  observed,  at  right 
angles  to  the  first,  to  which  it  was  connected  by  two  light 
tendrils.  This  cross  fissure  soon  became  of  great  import- 
ance, prolonging  itself  with  accessorv  cracks  to  the  right 
and  left  of  the  block.     {Fig.  j,  pi.  6.) 

At  the  same  time,  in  consequence  of  the  transverse 
expansion  of  the  block,  the  vessel  in  which  it  was  bound 
burst  on  both  sides  only  twenty  days  after  the  beginning  of 
the  experiment.  We  were  obliged  then  to  cease  the  filter- 
incr  of  the  water,  but,  nevertheless,  the  block  continued  to 
expand  and  to  crack  until  we  broke  it  to  examine  the 
changes  which  had  taken  place  in  the  interior.  It  was 
found  that  the  centre  was  reduced  to  a  white  pulp  without 
consistencv,  precisely  like  that  shown  in  a  greater  or  lesser 
degree  in  the  damaged  works. 

We  have  recently  renewed  this  experiment  with  other 
blocks  of  "  beton  de  sable  "  obtained  also  from  the  works, 
mixed  with  different  French,  English  and  Belgian  cements. 
We  have  treated  these  blocks  as  indicated  below,  with  these 
differences,  that  the  earthen  vessel  was  replaced  by  one  of 
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galvanized  iron  and  that  the  packing  strips  to  enclose  the 
reservoir  on  the  side  were  made  of  modelling  wax  in  place 
of  cement. 

We  have  also  reduced  the  proportion  of  the  solution  of 
sulphate  of  magnesia  to  six  parts  per  1,000  instead  of  per 
100  to  approximate  the  quantity  of  the  salt  to  that  found  in 
sea  water,  and  not  to  exaggerate  the  decomposition  of  the 
blocks  as  we  had  occasion  to  do  in  the  first  experiments, 
with  the  desire  to  reach  an  appreciable  result  with  little' 
delay,  ivhich  wc  dared  m^t  hope  for  at  first. 

We  have  obtained  the  same  results  with  the  different 
blocks  under  trial,  as  that  was  the  production  of  the 
cements  employed  in  this  manufacture ;  only  the  phenomena 
of  disintegration  and  of  decomposition  are  produced  in 
different  places  with  more  or  less  rapidity,  according  to  the 
amount  of  filtration.  We  give  also  sketches  of  the  results 
of  these  experiments  in  Figs.  4  to  g,  pi.  6. 

We  have  not  made  direct  tests  of  decomposition  under 
the  action  of  magnesium  solutions,  on  the  fragments  of 
cement  mortars  of  300  to  400  kilograms,  which  we  have 
received.  They  were  of  irregular  form,  and  not  well 
adapted  to  experimentation,  having  been  at  some  time  or 
other  submitted,  more  or  less,  to  the  action  of  the  sea. 

But  we  have  sought  to  mix  in  the  laboratory^  some 
gauges  of  mortar  well  adapted  to  the  filtration  tests.  With- 
out having  yet  found  a  system  to  satisfy  us,  we  have  tried 
different  combinations,  which  it  is  perhaps  not  without 
interest  to  explain  in  detail,  to  give  to  experimenters,  who 
may  wish  to  develop  the  subject  further,  the  useless  experi- 
ments and  discouraging  deceptions. 

First,  then,  we  tried  a  mixture  in  truncated  conical 
moulds  of  mortar,  four  centimetres  high  by  five  diameter  of 
larger  base,  and  forty-five  millimetres  for  diameter  of 
smaller  base.  Above  these  disks,  on  the  side  of  the  larger 
base,  was  placed  a  glass  tube,  the  joint  being  enlarged,  as 
shown  in  Fig.  10,  and  enclosed  in  a  mass  of  pure  cement. 
We  made  four  series  of  three  disks,  with  the  following  pro- 
portion : 
Wholf.   No.  Vol.  CXXVII.— (Third  Series,  V^ol.  xcvii.)  15 
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(a)  200  kilos  of  cement  and  200  kilos  of  water  to  1  cubic  metre  of  fine  sand. 
(d)  200        "  "         150  "  I  "  " 

(c)  350         "  "         200  "  I 

(rt')  350        "  "150  "  I 

In  each  series  we  first  submitted  the  disks  to  filtration 
with  clear  water,  then  with  water  containing  six  per  cent. 
of  .sulphate  of  magnesia,  followed  bv  water  containing 
thirty  per  cent,  of  the  same  salt. 

The  mortars  were  very  permeable,  and  we  had  only  to  fill 
the  tubes  to  obtain  abundant  filtrations.  It  was  not  neces- 
sary to  give  a  pressure  greater  than  it  would  have  been 
easy  to  produce,  by  splicing  the  glass  tubes  by  rubber  bands 
over  their  ends. 

These  experiments  on  filtrations  were  continued  about 
twenty-five  days.  It  was  established  that  in  general  the 
disks  which  had  been  submitted  to  water  charged  with  sul- 
phate of  magnesia  were  ruptured  to  so  much  greater 
extent,  as  the  proportion  of  cement  in  the  mortar  was 
increased  ;  as  the  proportion  of  water  was  reduced,  or  as  the 
water  used  for  filtering  was  enriched  by  the  salt. 

We  have  analyzed  these  disks,  and  show,  by  the  analyses 
(see  the  annexed  table): 

( 1 )  That  filtration  with  pure  water  had  removed  a  certain 
proportion  of  the  lime  existing  in  the  mortars  and  coming 
from  the  cements. 

(2)  That  under  the  action  of  water  charged  with  sulphate, 
of  magnesia,  part  of  the  lime  contained  in  the  mortars 
disappear,  whilst  the  proportion  of  magnesium  and  of  sul- 
phuric acid  is  found  to  increase. 

We  have  consequently  abandoned  this  method,  thinking 
that  it  was  preferable  not  to  introduce  at  the  side  of  the 
mortars  a  band  of  cement,  which  being  submitted  to  natural 
agencies,  affects  the  results  sought. 

We  have  sought  then  to  obtain  in  tubes  of  glass  of  a  con- 
venient diameter  (three  to  four  centimetres),  some  disks  of 
mortar  adhering  directlv  without  the  interposition  of  any 
foreign  substance. 

We  procured  some  ends  of  strong  glass  tubes  three  to 
four  centimetres  in  diameter  and    12  metres  long,  and  filled 
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their  extremities  with  disks  of  cement.  (We  omit  the 
description  of  the  method  of  filling  the  tubes.  1 

After  a  few  days  the  disks  thus  formed  are  sufhciently 
adherent  to  be  submitted  to  a  charge  of  one  metre  of  water, 
by  the  apparatus  represented  in  Fig.  11,  pi.  6. 

In  our  experience  each  tube  was  sealed  at  its  upper  end 
by  a  strong  rubber  cork,  with  a  round  hole  for  a  glass  pipe 
of  about  one  metre  in  height.  Above,  on  a  shelf,  a  series 
of  Mariotte  vases  were  arranged,  containing  water  from 
the  Seine,  or  solutions  of  magnesia.  The  joints  were  made 
by  rubber  tubing,  and  thus  the  cakes  were  submitted  to  a 
uniform  pressure,  and  the  quantity  of  water  filtering  through 
was  measured  either  by  collecting  it,  or  by  noting  the  lower- 
ing of  the  level  in  the  previously  gauged  Mariotte  vases. 

Our  experiments  have  demonstrated  that  although  the 
filtration  was  very  rapid  at  first,  it  diminished  rapidly  in 
importance,  and  in  a  short  time  it  became,  if  not  absolutely 
nil,  at  least  very  weak.  But  at  the  same  time  we  have 
shown  t  hat  the  tube  enclosing  the  disks  cracks  or  even 
breaks  away  from  them  in  consequence  of  the  expansion  of 
the  mass.  We  show  (PI.  6,  Figs.  12,  ij  and  14)  the 
results  of  experiments  made  on  three  series  of  mortar 
tablets,  made  in  the  proportion  of  one  part  of  cement  to  four 
of  sand,  by  weight,  and  mixed  with  water  varjdng  from 
eight,  nine,  ten.  eleven  to  twelve  per  cent,  of  the  sum  of  the 
weights  of  cement  and  sand.  The  law  of  decrease  of 
filtration  is  seen  very  well,  as  also  the  influence  which  the 
proportion  of  water  used  in  tempering  has  upon  the  rate. 

In  the  first  series,  or  when  the  water  was  nine  per  cent, 
of  the  weight,  the  filtrations  were  the  least  abundant. 
Mortar  made  with  seven  per  cent,  was  very  permeable,  as  is 
shown  on  the  diagram.  That  of  ten  per  cent,  was  more 
permeable  than  that  of  nine  or  eight  per  cent.,  whilst  that 
of  eleven  per  cent,  was  still  greater  than  that  of  ten. 

In  the  second  series,  w^en  the  proportion  of  water  was 
eleven  per  cent.,  there  was  the  least  filtration.  The  eight 
per  cent,  mortar  was  so  very  porous  that  it  was  not  possible 
to  draw  the  corresponding  curve. 

In  the  third  series  ten  per  cent,  give  the  minimum.     It 
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was  not  possible  to  represent  the  filtration  curve  for  eight 
per  cent. 

There  seems  to  result  from  these  experiments  that  for 
each  proportion  of  mortar  and  of  sand  a  certain  quantity  of 
water  corresponds  to  the  maximum  density  and  minimum 
permeability  of  the  mortars.  This  phenomenon  explains 
itself  naturally  if  we  observe  that  at  the  instant  of  making 
the  disks  the  grains  of  sand  and  cement  are  in  the  same 
state. 

Xow,  we  know  that  sand  when  quite  wet  occupies  a 
larger  volume  than  when  drv  ;  and  that  on  the  other  hand  it 
shows  a  considerable  settling  when  it  is  covered  with 
water. 

The  grains  of  cement  are  in  the  same  condition,  but 
when  the  quantity  of  water  is  considerable  and  the  mate- 
rial is  worked  as  in  the  making  of  mortars,  they  do  not 
remain  in  suspension  but  are  combined,  at  the  instant  of 
mixing,  at  relatively  great  distances  from  each  other. 

We  have  also  studied  the  comparative  action  of  solutions 
of  sulphate  of  magnesia  and  chloride  of  magnesium  in  the 
proportion  of  six  per  cent,  in  two  series  of  five  disks  mixed 
with  one  part  of  cement  to  four  of  sand  and  ten  per  cent,  of 
water,  mixed  in  pairs  to  eliminate,  so  far  as  possible,  all 
other  influences  than  those  due  to  the  salts  employed. 

PI.  6,  Figs.  I J  and  i6,  show  the  curves  of  filtration  of 
these  disks,  and  Fig.  ly  shows  one  part  and  Fig.  i8  another, 
of  the  several  faces  surrounding  the  disks  of  mortar,  reduced 
in  proportion  of  five  to  one.  The  specimens  submitted  to  the 
action  of  sulphate  were  broken  from  the  tenth  to  the 
twenty-sixth  day  of  filtration,  whilst  those  submitted  to  the 
chloride  resisted  at  least  sixty  days.  It  is  noticeable  also 
that  the  cracks  in  the  first  case  are  more  numerous  and 
deeper  than  in  the  second,  indicating  a  more  energetic 
action.  We  should  add,  however,  that  all  the  disks  preser\'-ed 
their  compactness,  and  that  their  swelling  did  not  seem 
to  have  affected  their  resistance. 

Chemical  analysis  proves  that  the  disks  submitted  to 
the  action  of  the  sulphate  contained  from  75  to  'So  per  cent, 
of  sulphuric  acid,  from  which  we  conclude  that  a  double 
decomposition  has  taken  place   between   the  salts    of   lime 
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and  the  sulphate  of  magnesia,  as  pointed  out  long  since  by 
Vicat ;  a  part  of  the  sulphate  of  lime  forms  and  remains  in 
the  mass  of  the  mortar. 

It  is  to  the  production,  in  masses  of  mortar  of  percepti- 
ble quantities  of  sulphate  of  lime,  that  we  are  led  to  attrib- 
ute the  phenomena  of  the  dislocation  of  masonry  of  Portland 
cement  mortar  submitted  to  the  action  of  the  sea. 

Our  analyses  appear  to  us  to  show,  as  an  indisputable 
fact,  that  the  sulphate  of  lime  produced  by  the  action  of  the 
sea  on  mortars,  is  not  entirely  drawn  out  by  the  water 
which  circulates  in  the  masonry,  and  which  plays  a  very 
important  part  in  the  disintegration  of  this  masonry. 

Whilst  the  magnesia  appears  to  partake  of  the  nature  of 
thin  cream  without  consistency,  it  is  unable  to  exercise  any 
mechanical  action  on  the  masonry-;  whereas  the  sulphate 
of  lime  solidifies  more  or  less  completely  in  crystals  of  such 
a  nature  as  to  develop  considerable  molecular  activity. 
Paris,  16  January,  188S. 

Note. — Disks  of  cement  mortar. 

The  first  series  were  made  in  the  proportion  of  200  kilo- 
grams of  cement  and  200  liters  of  water  to  each  cubic  metre 
of  sand  ;  the  first  disk  kept  for  reference  was  exposed  to 
the  air,  the  others  were  submitted  to  the  action  of  pure 
water,  or  to  a  solution  of  sulphate  of  magnesia  containing 
at  first  six  per  cent,  and  second  thirty  per  cent,  of  the  salt 

filtered  through  the  mass. 

(      1  cubic  meter  of  sand, 

I'roportion -■'  200  kilogrammes  of  cement, 

(  200  litres  of  water. 

'  Disks. 


c c ...  Traversed  by 

F.R^T   SkB.E..  .         j,^i^j        j ^ 

Pure  Water  at         Water  at 

Air.  Water.        6  Per  Cent.  30  Per  Cent. 


Insoluble  residue,  ...        82"35  So'ss  75'40  1         7-  9" 

Alumina  and  pero.xidc  of  iron, i"65  i'65  i"6o  i"55 

Lime 10  75  9  35  8'35  8"8o 

Magnesia,         o'i5  o  20  2'30  210 

Sulphuric  acid, 0-05  015  2'65  425 

Loss  by  heat, 4"8o  8"oo  9-90  1040 

Error •    025  o'lo  —  020  1040 

i' 1 1 

Total loo'oo  loo'oo  loo'oo  loooo 
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(2)  The  disks  of  the  second  series  were  made  in  the  proportion  of  200 
kilogrammes  of  cement  and  1 50  litres  of  water  to  one  cubic  meter  of  sand ; 
these  were  submitted  to  the  same  tests  as  the  first. 


Proportion , 


(      I  cubic  meter  of  sand, 
■  200  kilogrammes  of  cement, 
( 1 50  litres  of  water. 


SbCONII   J>BKIB3. 


1  Unliable  residue, 

Aluiiiina  and  peroxide  of  iron, 

Lime 

Magnesia, 

Sulphuric  acid, 

Loss  by  heat, 

Error, 

Total, 


Disks. 


Dried 

Traversed  by 

in          \ 
Air. 

Pure 
Water 

Water  at 
6  Per  Cent.  ^ 

Water  at 
30  Per  Cent. 

82-35 
1-50 

10-70 
o-io 

Q-IO 
4-90 

-  o'35 

1 
78-40 
i-8o 
9'55 
o-io 
0-30 
9-80 
+  0-05 

77-00 
1-80 

8-35        ■■ 
10a 
2  00 
880 

T    0-05 

74"2S 
1*75 
S-So 
a-20 
2-60 

10-75 
—  0-05 

lOO'CO 

loo-oo 

100-00 

100-00 

(3)  This  third  series  of  disks  was  made  in  the  proportion  of  360  kilo- 
grammes of  cement  and  200  litres  of  water  to  one  cubic  meter  of  sand- 


Proportion  , 


f      I  cubic  meter  of  sand, 

350  kilogrammes  of  cement, 
[200  litres  of  water. 


Disks. 


Third  Sekib-^. 


Insoluble  residue, 

Alumina  and  peroxide  of  iron, 

Lime 

Magnesia, 

Sulphuric  acid, 

1.0SS  by  heat 

I'.rror 

Total 


Traversed  by 

Dried 

in 

Pure 

\ 
Water  at 

Water  at 

Air. 

Water. 

6  Per  Cent.  30  Per  Cent. 

77-00 

73-60 

6r5S 

67-65 

2-50 

1           2-50 

2-25 

2-65 

14-25 

"•55 

n'35 

"■35 

O'lO 

0-05 

2-70 

2-30 

O'lO 

0-30 

4-40 

495 

6-00 

10-95 

1 1  -90 

II-IO 

-  0-05 

-  0-05 

-.,s     1 

II-IO 

lOO'OO 

lOO'OO 

100-00 

lOO'OO 
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(4)  The  disks  of  the  fourth  series  were  made  in   the  proportion  of  350 
kilojjnimmes  of  cement  and  1 50  litres  of  water  for  every  cubic  meter  of  sand 

I  cubic  meter  of  sand, 

Proportion, ■{  35<J  kilogrammes  of  cement, 

1 50  litres  of  water. 

Disks. 


Fourth  Series. 


Traversed  by 


Pure 
Water. 


Insoluble  residue, 

Alumina  and  pero.xide  of  iron, 

Lime,         

Magnesia, 

Sulphuric  acid, 

Loss  by  heat, 

Error,     . 


Total, 


77'o5 

7I55 

2-65 

2-45 

14-70 

I2'25 

010 

0-I5 

010 

0-I5 

5-25 

i3"5o 

•T-  o'25 

—  0*05 

lOO'OO 

lOO'OO 

.\DDENDA    BY    L.  M.  HAUPT. 

The  writer  recently  had  an  interview  on  this  subject 
with  Mr.  Jno.  C.  Goodridge,  Jr.,  whose  long  experience  with 
cements  makes  him  an  authority,  and  learned  that  in  using 
cement  for  water  tanks  it  was  found  that  when  filled  the 
first  time  they  leaked  badly  and  the  water  soon  escaped,  but 
each  time  they  were  refilled  the  leakage  was  less,  and  that 
in  about  a  week,  or  after  six  or  seven  fillings,  thev  became 
practically  tight  and  remained  so. 

Tn  his  investigations  upon  high  walls  or  dams  to  resist 
the  pressure  of  water.  Major  J.  B.  Francis  made  some  experi- 
ments to  determine  "  whether  the  pressure  of  water  can  be 
communicated  through  the  capillary  channels  in  the  mortar. 
The  apparatus  consisted  of  an  iron  filter  connected  with 
pipes  and  pressure  gauges,  by  means  of  which  a  plug  of 
Portland  cement,  mortar  in  the  proportion  of  one  part  of 
cement  to  two  of  sharp  pit  sand,  was  subjected  to  pressure. 
"The  experiment  consisted  in  noting  the  pressures  at  the 
several  gauges  at  the  beginning  and  end  of  periods,  which 
gave  stifficient  time  for  them  to  become  established."  *  * 
Unfortunately  the  case  was  not  a  sound  casting  and  there 
were  minute  leaks,  which  materially   modified   the   results. 

For  full  description  reference  is   made  to    the    Transac 
fions  Am.  .Soe.  of  Civil  Iini:^ineers,  October.  1888. 
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\Statcd  Meeting,  held  at  the  INSTITUTE,    Tuesday,  February  ig, 

i88g:\ 

Hall  of  the  Franklin  Institute. 
Philadelphia,  February  19,  1889. 
Dr.  Samuel  C.  Hooker,  \'ice-President.  in  the  Chair. 

Members  present:  Dr.  L.  B.  Hall.  Dr.  H.  W.  Jayne,  Dr.  Wm.  H.  Wahl, 
Dr.  E.  H.  Keiser,  Dr.  H.  F.  Keller,  Prof.  Henry  Trimble,  Prof.  E.  F.  Smith, 
Messrs.  W.  L.  Rowland,  F.  C.  Lewin,  A.  T.  Eastwick,  Marshall  R.  Pugh, 
T.  C.  Palmer,  Dr.  W.  C.  Day,  and  a  number  of  visitors. 

An  abstract  of  a  letter  from  Prof.  Ira  Remsen,  editor  of  The  American 
Chemical  Journal,  was  read.  The  letter  requested  first  publication  of  papers 
read  before  the  Section. 

The  Committee  on  By-Laws,  Mr.  T.  C.  Palmer,  Chairman,  submitted  a 
report,  which  was  read  and  approved.  Accompanying  the  report  was  a  copy  of 
the  revised  By-Laws,  which  was  read  ;  a  few  changes  were  made  and, in  order 
to  give  time  for  the  full  consideration  of  the  By-Laws,  they  were  laid  over 
until  the  next  meeting  for  final  action,  the  Secretary  being  instructed  to  have 
them  printed  and  to  send  a  copy  to  each  member  of  the  Section. 

A  report  from  the  Treasurer  was  read  and,  in  connection  therewith,  it  was 
recommended  that  certain  delinquent  members  should  be  notified  that  unless 
arrears  be  made  good  their  names  would  be  dropped  from  the  list  of  members  ; 
it  was  also  recommended  that  such  notification  should  be  given  in  all  similar 
cases  occurring  in  future. 

The  following  gentlemen  were  elected  members  of  the  Section  :  Dr.  T.  R. 
Wolf,  Newark,  Del.  ;  Mr.  C.  J.  Semper,  505  South  Forty-first  Street,  Phila- 
delphia;  Mr.  S.  Lloyd  Wiegand,  146  South  Sixth  Street,  Philadelphia;  Prof. 
Edgar  F.  Smith,  Ph.D.,  L'niversity  of  Pennsylvania  ;  Mr.  Marshall  R.  Pugh, 
University  of  Pennsylvania. 

Mr.  F.  Lynwood  Garrison  was  nominated  for  membership  in  the  Section. 

The  motion  that  the  annual  dues  be  increased  from  one  dollar  to  two 
dollars,  the  initiation  fee  remaining  one  dollar,  as  heretofore,  was  carried. 

The  resignation  of  Mr.  Robert  Frazer  was  accepted. 

Mr.  T.  C.  Palmer's  paper,  "  On  the  Ash  of  Ti/landsia  I'sneoides,"  a  copy 
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of  which  was  already  in  the  hands  of  all  the  members,  was  read  tfy  title.  The 
author  requested  that  those  who  might  be  able  to  contribute  information  or 
give  reference  to  papers  on  this  subject  would  kindly  do  so,  as  he  is  still 
occupied  with  the  investigation  of  the  way  in  which  this  plant  obtains  its 
mineral  nourishment. 

Dr.  H.  F.  Keller  then  read  a  paper  "  On  Diacetyl  and  Some  of  its  Deriva- 
tives ;  "  which  has  been  referred  for  publication. 

Diacetyl  was  first  produced  by  heating  ketipic  acid,  which  spHts  up  into 
carbon  dioxide  and  a  yellow  volatile  liquid  which  proved  to  be  diacetyl. 
The  facts  upon  which  the  structure  of  this  substance  is  based  were  considered, 
as  well  as  the  methods  of  preparation,  composition  and  properties  of  a  num- 
ber of  its  derivatives. 

Dr.  Hooker  showed  a  specimen  of  benzil,  the  compound  in  the  aromatic 
series  which  corresponds  to  diacetyl. 

Dr.  Wahl  gave  a  brief  account  of  some  interesting  experiments,  upon 
which  he  is  now  engaged,  in  connection  with  the  electrolysis  of  hydrochloric 
acid.  In  electro-plating  with  platinum  and  iridium,  a  number  of  difficulties 
present  themselves;  the  solution  of  metal  constantly  varies  in  strength, 
owing  to  the  fact  that  the  metal  is  dissolved  only  in  insignificant  quantity  at 
the  anode,  so  that  the  metallic  strength  of  the  plating  solution  is  constantly 
being  weakened,  requiring  frequent  additions  to  be  made  to  the  bath. 
Another  difficulty  is  that  the  deposit  is  spongy,  black  and  non-adherent 
in  character,  rather  than  reguline  and  bright.  The  first  difficulty  has  been 
overcome  by  Dr.  Wahl,  and  he  is  now  working  with  special  reference  to  the 
second,  with  encouraging  prospects.  Dr.  Wahl  expects  to  bring  before  the 
Section,  in  the  near  future,  a  paper  which  will  consider  in  detail  his  experi- 
ments and  their  results.  Professor  Smith  described  a  method  of  determining 
platinum  electrolytically  by  depositing  the  platinum  from  the  compound, 
KoPtCl,,,  on  a  platinum  dish  (previously  plated  with  copper),  by  means  of  a 
jow  current  applied  for  five  or  six  hours ;  the  presence  of  sulphuric  acid  is 
advisable.  No  platinum  could  be  detected  in  the  liquid  after  the  action. 
Dr.  Wahl  then  exhibited  some  specimens  of  his  platinum  and  iridium  plat- 
ing, which  were  inspected  with  much  interest  by  the  members. 

The  Secretary  exhibited  a  specimen  of  highly  bituminous  coal  from  a  new 
source  in  Alaska. 

Adjourned.  Wm.  C.  Day,  Secretary. 


.■\BSTRACTS. 

Cayota,  a  New  Tannin.  M.  Villou  {L Ind.  Text,  and  Textile  Colorist, 
11,  8). — This  reddish-brown  bark  comes  from  the  southern  part  of  Mexico, 
where  it  is  used  for  tanning  thick  sole-leather,  to  which  it  is  said  to  impart 
"  strong  consistency  and  great  solidity."  I|  is  easily  powdered,  has  a  resinous 
odor,  and  according  to  Mr.  Ebertz,  of  Berlin,  contains  twenty-two  to  thirty 
per  cent,  of  tannin.  The  pure  tannin,  separated  by  the  author,  consists  of 
yellow  scales,  which  dissolve  in  fifteen  parts  of  their  weight  of  cold  water,  and 
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in  all  other  solvents  for  tannin.  It  colors  the  salts  of  iron  a  fine  black,  whose 
intensity  is  variable  according  to  whether  the  decoction  or  extract  of  the 
bark  is  obtained  in  the  cold,  or  by  boiling  under  pressure  or  in  the  presence 
of  oxydizing  agents.  Its  molecular  weight  is  equal  to  that  of  the  tannin  from 
oak  bark.  The  bark  or  extract  is  said  to  be  superior  to  Quebracho  on 
account  of  the  absence  of  resin,  and  to  give  to  silk  the  suppleness  of  sumac. 
_  H.  T. 

On  the  Detection  of  Caustic  Alkali  in  the  Presence  of  Alka- 
line Carbonates.  L.  Dobbin  {Jour.  Soc.  Chem.  Ind.,  December  31,  1888, 
pp.  829-830). — This  method  depends  on  the  coloration  of  dilute  solutions  of 
potassium  iodide  in  mercuric  chloride,  to  which  ammonium  chloride  has  been 
added.  This  reagent  gives  no  coloration  or  precipitate  with  sodium  or  potas- 
sium carbonate,  but  forms  a  delicate  test  for  caustic  alkali,  a  yellow  colora- 
tion being  produced  as  soon  as  a  sufficient  quantity  has  been  added  to  change 
the  whole  of  the  ammonium  chloride  present  into  potassium  salt  and  free 
ammonia.  By  using  a  reagent  containing  a  very  small  proportion  of 
ammonium  chloride  the  test  is  extremely  delicate.  The  quantity  of  caustic 
alkali  is  estimated  by  color  comparison.  M.  R.  P. 

On  Some  Abnormal  Samples  of  Butter.  A.  H.  Allen  {Analyst,  January, 
1889). — Professor  Stein,  official  analyst  to  the  Danish  government,  having 
been  led  to  doubt  how  far  the  limits  generally  adopted  by  public  analysts  in 
the  examination  of  butter  were  to  be  relied  on,  an  investigation  was  ordered 
by  the  Royal  Agricultural  Society,  and  the  author  invited  to  take  a  part  in  it. 
Average  butter  fat  takes  by  the  Reichert-WoUery  process  29*2  cc.  ^^  alkali, 
whereas  butter  from  one  of  the  farms  inspected,  which  had  been  so  closely 
watched  as  to  render  adulteration  impossible,  took  but  247  cc,  and  that  from 
another  but  22'3  cc.  .^^  alkali.  Although  these  butters  are  exceptional,  yet 
they  were  produced  from  the  milk  of  a  large  number  of  cows,  so  it  cannot  be 
said  that  such  butter  may  not  be  met  in  practice.  Nilson,  of  Stockholm-, 
found  the  volatile  acids  to  vary  materially  with  the  time  since  calving.  The 
author  also  discusses  the  detection  of  vegetable  oils.  In  conclusion  he  recom- 
mends that  a  committee  of  the  Society  of  Public  Analysts  receive  and  tabulate 
results  of  analysis,  and  devise,  if  possible,  some  method  of  examining  butter 
less  dependent  on  the  natural  variations  in  its  composition,  than  the  methods 
at  present  in  use.  M.  R.  P. 

Artificial  Coffee.  A.  Stutzer  {Zeitschr.  fiir  Angewandte  Chemie, 
1888,  p.  699). — The  author  calls  attention  to  the  manufacture  of  artificial 
coffee  and  of  machines  for  that  purpose  as  carried  on  by  certain  firms  in 
Cologne.  The  following  analytical  results  of  the  artificial  product  were 
obtained  by  O.  Reitmair  : 

Per  Cent. 

Moisture 8'30 

Kxtract  soluble  in  hot  water, , 34'34 

Insoluble  oraanic  constituents, 5626 

Inorganic  material, I'lo 

A  microscopic  investigation  showed  that  the  bulk  of  the  artificial  coffee 


I 

I 
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consists  of  burnt  flour  or  meal.  According  to  Reitmair,  the  artificial  beans 
(which  are  well  formed)  may  be  distinguished  from  the  genuine  by  the  fact 
that  the  former  immediately  sink  when  immersed  in  ether,  while  the 
genuine,  on  account  of  the  fat  contents,  float,  in  great  part,  on  the  surface. 
Furthermore,  genuine  coffee  beans  are  much  more  rapidly  decolorized  by  the 
action  of  hot,  strong  oxidizing  agents  (such  as  aqua  regia  or  HCl  -j-  KCIO3) 
than  the  artificial.  In  detecting  adulteration  of  coffee  by  the  artificial  article 
both  of  these  methods  of  testing  should  be  carried  out  as  preliminary 
measures.  W.  C.  D. 

Salicylic  Acid  for  Preserving  Eggs.  Lambert  {Arch,  de  Phannacie, 
1888,  440). — A  solution  of  salicylic  acid  is  not  to  be  recommended  for  keeping 
eggs  in  preference  to  lime-water.  The  acid  diffuses  through  the  shell  and 
may  be  readily  detected  on  the  white  of  the  egg.  S.  C.  H. 


A  German  patent  (D.  R.  P.  45,857)  has  been  granted  to  A.  Doutrelpont, 
for  a  process  of  preparing  a  new  explosive,  "  Petragit,"  from  molasses.  It  is 
an  oily  nitro-product,  and  is  said  to  have  three  times  the  power  of  nitro- 
glycerine. S.  C.  H. 

The  Analytical  Examination  of  Water  for  Technical  Purposes. 
Alfred  H.  Allen  [Jozirn.  Soc.  Chem.  Ind.,  7,  795). — The  results  given  by 
the  soap  test  when  water  contains  considerable  quantities  of  magnesium  com- 
pounds in  addition  to  lime  salts  are  very  misleading.  A  water,  containing 
both  lime  and  magnesia,  does  not  destroy  so  much  soap  as  the  same  amounts 
of  lime  and  magnesia  would  do  separately.  The  author  speaks  strongly 
against  further  employment  of  the  soap  test,  unless  some  means  can  be  found 
of  counteracting  the  disturbing  action  caused  by  magnesium  salts.  It  seems 
probable  that  calcium  carbonate  sometimes  exists  in  a  soluble  colloid  form, 
which  is  changed  on  boiling  to  the  insoluble  modification.  The  author  is 
still  investigating  the  subject.  S.  C.  H. 

Trichloracetic  acid  is  said  to  be  the  best  and  quickest  escharotic  yet 
known  for  warts,  corns  and  bunions  {Merck's  Bui/.,  i,  6,   1888).     S.  C.  H. 

Hydroxycyanide  of  Mercury  is  likely  to  take  the  place  of  corrosive 
subHmate.  It  does  not  attack  the  metal  of  surgical  instruments,  and  in  some 
cases  shows  six  times  the  bactericidal  power  of  corrosive  sublimate  {Merck's 
Bull.,  I,  5,  1888).  S.  C.  H. 

On  Two  New'  Chlorides  of  Indium,  and  on  the  \apor  Density  of 
THE  Chlorides  of  Indium. Gallium.  Iron  and  Chromium.  L.  F.  Nilson  and 
Otto  Petterson  {Ann.  C/iitn.  Phys.,  G.  xv,  545). — The  only  chloride  of  indium 
heretofore  known  is  obtained  by  heating  the  metal  in  an  excess  of  chlorine. 
According  to  C.  and  \'.  Meyer's  determinations  of  its  vapor  density,  it  has  the 
formula  InCU.  The  experiments  of  the  authors  confirm  this.  By  heating 
indium  in  a  current  of  dry  hydrochloric  acid  gas  a  chloride,  InCL,  is  formed, 
which,  though  very  stable  at  high  temperatures  and  when  kept  dry.  is  imme- 
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diately  decomposed  by  water,  thus,  slnCL  =  2  InCl,  +  In.  The  dichloride, 
when  heated  with  an  excess  of  In,  forms  a  monochloride  InCl,  a  red  substance 
resembling  hematite.  This,  like  InCL  is  decomposed  by  water.  3lnCl  = 
InCl,  —  In,,.  The  correctness  of  the  formulae  of  both  the  new  chlorides  is  amply 
established  by  their  vapor  densities.  Experiments  were  also  made  to  ascertain 
the  true  formulae  of  the  chlorides  of  gallium  and  chromium,  which  lead  to  the 
acceptance  of  GaClo,  GaCl,,  CrCL,  CrCl...  The  so-called  sesquichlorides  of 
gallium  and  chromium  must,  therefore,  in  future  be  expressed  by  the  simpler 
formulce,  GaCl:,,CrCl:;.    The  formula  of  ferrous  chloride,  FeCl2,  was  confirmed. 

S.  C.  H. 


Researches  on  Cobalt  and  Nickel.  Gerhard  Kriiss  and  F.  W. 
Schmidt  {Ber.,  22,  11). — The  authors  were  engaged  in  re-determining  the 
atomic  weights  of  nickel  and  cobalt,  by  Winkler's  method.  A  weighed 
quantity  of  the  metal  was  immersed  in  a  solution  of  chloride  of  gold,  and 
the  amount  of  the  gold  thus  expelled  determined.  In  spite  of  many  experi- 
ments the  results  obtained  did  not  agree  with  the  values,  as  determined  by 
Zimmermann  or  Winkler,  and  it  was  found  on  closer  examination  that  the 
precipitated  gold  contained  a  small  quantity  of  cobalt  (or  nickel).  In  order 
that  this  might  be  removed  the  precipitate  was  dissolved  in  aqua  regia,  and 
after  the  excess  of  acid  had  been  expelled,  the  gold  was  re-precipitated  by 
sulphurous  acid.  The  difference  in  weight  of  the  gold  before  and  after  puri- 
fication was  deducted  from  the  weight  of  the  cobalt  (nickel  or)  taken.  Even 
with  this  precaution  the  results  obtained  were  not  constant. 

On  washing  gold  which  had  been  first  precipitated  by  cobalt,  and  subse- 
quently by  sulphurous  acid,  it  was  observed  that  the  last  washings  were  some- 
what green.  This  portion  of  the  filtrate  was  evaporated  to  dryness ;  the 
residue,  after  ignition,  dissolved  on  heating  in  concentrated  hydrochloric  acid, 
giving  rise  to  a  beautiful  green  solution,  which  became  almost  colorless  on 
cooling.  With  nickel,  the  same  was  observed.  The  reaction,  clearly,  was 
not  that  of  any  known  substance,  and,  as  in  both  cases,  the  amount  obtained 
was  extremely  small,  experiments  were  started  in  the  hope  of  extracting 
larger  quantities.  This  has  been  successfully  accomplished  by  the  authors  in 
several  ways. 

(i)  By  repeatedly  treating  precipitated  sulphide  of  nickel  with  ammonic 
sulphide,  the  nickel  was  gradually  dissolved  and  the  ultimately  insoluble 
residue  was  found  to  contain  considerable  quantities  of  the  desired  body. 

(2)  By  crystallizing  solutions  containing  corrosive  sublimate  and  chloride 
of  nickel  (or  cobalt),  the  double  chlorides  separate  and  the  new  substance 
could  be  obtained  from  the  mother  liquor. 

(3)  By  treating  the  oxides  of  cobalt  and  nickel  with  fused  alkalies,  the 
oxide  of  the  new  body  alone  dissolves.  In  this  way  about  two  per  cent,  of 
the  pure  oxide  may  be  obtained  from  oxide  of  nickel. 

The  new  oxide  gives  the  following  reactions:  Ammonic  sulphide  causes  a 
black  precipitate  from  neutral  solutions  ;  ammonia,  a  white,  voluminous  pre- 
cipitate insoluble  in  excess.     The  chloride  is  white  when  pure,  but  in  contact 
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with  strong  hydrochloric  acid  is  greenish.     The  chloride,  but  not  the  oxide, 
is  reduced  to  a  black  metal  at  a  red  heat. 


The  following,  having  reference  to  the  above,  is  an  extract  from  a  letter 
written  by  Dr.  Kriiss,  and  published  in  the  Chemical  Nezus  of  January  25th  : 

"  I  have  in  fact  succeeded  in  splitting  up  nickel  and  cobalt  each  into  two 
parts,  and  both  these  metals  have  on.e  component  in  common.  In  concert 
with  my  colleague  I  sent  a  brief  notice  on  this  subject  to  the  Berichte,  which 
will  appear  in  Berlin  on  Monday  next  (the  above  is  abstracted  from  this 
paper  here  referred  to).  The  matter  communicated  in  this  short  memoir  has 
been  intentionally  kept  very  scanty,  and  I  gave  as  little  room  as  possible  to 
speculation  for  fear  of  being  led  to  assertions  which  I  might,  perhaps,  soon 
have  to  withdraw.  Meantime,  I  have  fully  confirmed  our  first  observations, 
and  we  have  now  about  ten  different  methods  by  which  we  can  resolve  these 
bodies,  hitherto  regarded  as  elementary,  each  into  two  parts.  We  shall  soon 
give  a  full  report  on  our  results,  but  in  the  meantime  I  may  inform  you,  as  a 
curious  fact,  that  we  have  succeeded  in  o\>\.2J\.vv\x\g  green  so-called  nickel  salts 
from  red  cobalt  salts  and  the  colorless  salts  of  the  substance  which  accompa- 
nies both  metals,  and  farther,  in  transforming  some  green  nickel  salts  into 
red  cobalt  salts  and  other  components.  This  may  sound  alchemical,  but  it 
cannot  be  denied.  As  for  the  spectra  of  the  three  components  of  cobalt  and 
nickel,  we  have  not  yet,  with  the  ordinary  experimental  arrangements, 
observed  any  characteristic  lines.  This  is  doubtless  the  reason  why  hitherto 
no  spectral  lines  have  been  found  common  to  pure  cobalt  and  nickel." 

S.  C.  H. 


BOOK  NOTICEvS. 


Inorganic  Coal  and  Limestone  in  an  Electro-Chemical  World.     By 
Titus  Salter  Emery. 

A  memoir  of  this  character  has  seldom  had  a  better  title  than  the  above. 
The  electro-chemical  world,  if  not  the  inorganic  coal  and  limestone,  are 
undoubtedly  and  exclusively  by  Titus  Salter  Emery. 

In  the  preface  we  find  that  the  writer  has  had  a  grievance  against  Prof. 
J.  P.  Lesley  in  reference  to  some  of  the  measures  pronounced  by  the  latter 
below  the  lower  productive  coal  series  of  Pennsylvania,  and  while  the  author 
of  this  epoch-making  pamphlet  pays  every  possible  deference  and  respect  to 
Professor  Lesley's  descriptive  powers  and  zeal,  he  proves  that  the  State  Geol- 
ogist was  hopelessly  wrong  in  his  condemnation  of  the  Tipton  Run  coal  field. 
So  far  all  is  well,  but  emboldened  by  the  victory  over  our  official  geologist,  he 
drops  into  cosmogony,  and  the  unhappy  sub-carboniferous  of  Blair  County 
must  bear  the  blame  of  some  of  the  most  remarkable  statements  in  physics, 
chemistry  and  geology,  and  some  of  the  boldest  conceptions  of  the  genesis 
of  rocks  of  this  or  of  any  age. 

The  contents  of  chapter  1  inform  us  that  "  stone  coal  is  a  rock,  carbon  is 
a  metal,   all  gases  are  metallic,"  and,  as  if  these  startling  statements  were 
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thought  lilcely  by  the  author  to  too  greatly  fatigue  the  mind,  he  soothes  it  by 
the  next  dictum,  that  "  limestone  is  a  chemical  compound,"  etc. 

We  have  not  space  or  time  to  follow  the  statements  of  this  chapter.  The 
usual  "  most  distinguished  geologists,  chemists,"  etc.,  are  invoked  on  all  occa- 
sions to  father  statements  that  would  take  a  good  deal  of  trouble  to  establish 
without  them.  "  Like  heat,  electricity,"  we  are  told,  "  is  latent  in  all 
matter."  "  It  is  a  recognized  law  of  chemistry  [sic]  that  all  matter  may  be 
reduced  to  the  gaseous  form."  "  P21ectricity  governs  the  rotation  of  the  earth 
upon  its  axis."  "The  molecular  weight"  *  *  *  "is  never  less  than 
twice  the  density  of  the  substance  in  the  form  of  gas."  [  Vide  mercury  and 
cadmium.] 

"  A  study  of  the  rocks  of  Pennsylvania  indicates  that  they  are  all  o{  volcanic 
origin."  "Our  most  popular  geologists  claim  that  limestone  is  of  animal 
origin,"  etc.  [See  Dr.  Hunt's  Chemical  and  Geological  Essays.]  "  The  almost 
universal  theory  of  geologists  of  the  highest  repute  is,  that  coal,  being  of  vege- 
table origin,  cannot  have  grown  in  the  agitated  waters  of  the  ocean."  (  !  ) 

"  The  most  noted  of  our  geologists  and  botanists  assert  with  great  posi- 
tiveness  that  the  carboniferous  age  has  long  since  \>?is=>&d  its  period  of  greatest 
luxuriance. 

"If  we  assume  that  among  the  escaping  gases  which  agitate  the  surface  of 
the  liquid  lava  silicon  predominates,"  etc. 

These  quotations  are  more  than  enough  from  the  work.  The  conclusions 
are  summed  up  in  the  explanation  of  seven  plates,  which,  by  the  concluding 
assertion  of  the  argument  of  the  Mosaic  and  the  geological  history,  would  seem 
to  represent  the  seven  days  of  the  creation.  But  that  day  which  was  taken 
as  one  of  rest  is  represented  by  a  plate  which  is  remarkable  for  its  demand  on 
the  imaginative  power.  There  are  other  plates,  00  and  o,  which  probably  cor- 
respond to  pre-creative  time.  The  task  of  reviewing  their  descriptions  or  de- 
scribing their  plates  is  too  great.  Suffice  it  to  say  that  the  busy  worker  is  now 
and  then  solaced  by  a  book  of  this  kind,  which  lets  his  pent  up  volcanic  thoughts 
loose,  and  doubtless  relieves  him.     Let  no  one'take  it  too  seriously.  F. 


Development  of  Transportation  Svste.ms  in  the  United  States. 
Comprising  a  comprehensive  description  of  the  leading  features  of 
advancement,  from  the  colonial  era  to  the  present  time,  in  water  channels, 
roads,  turnpikes,  canals,  railways,  vessels,  vehicles,  cars  and  locomotives  ; 
the  cost  of  transportation  at  various  periods  and  places  by  the  different 
methods ;  the  financial,  engineering,  mechanical,  governmental  and 
popular  questions  that  have  arisen  ;  and  notable  incidents  in  railway 
history,  construction  and  operation.  With  illustrations  of  hundreds  of 
typical  objects — by  J.  L.  Ringwalt,  Editor  of  the  Raikuay  World :  Phila- 
delphia, folio,  1888,  446  pages,  price  §5. 

This  large  and  elaborate  work,  equal  to  over  1,000  octavo  pages,  besides 
forty-eight  folio  pages  of  illustrations,  is  a  veritable  compendium  of  facts  and 
data  pertaining  to  all  kinds  of  transportation  in  the  L'nited  States,  set  forth 
in  clear  and  lucid  style.  Only  by  much  ability,  industry  and  effort  could  such 
a  collection  have  been  made  and  exhibited  :  it  is  also  the  saving  of  a  large 
amount  of  important  matter  from  destruction  or  oblivion.     There  are  refer- 
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ences  to  over  1,500  railroads,  in  the  constant  mention  and  discussion  of  the 
numerous  subjects  connected  with  them  and  the  other  modes  of  transporta- 
tion. The  relations  of  these  systems  one  to  another,  and  their  influence 
against,  or  in  favor  of  one  another  are  well  set  forth  ;  and  the  chief  features  of 
American  railways  are  shown  from  their  inception  to  the  date  of  this  publica- 
tion. Extensive  and  valuable  data  are  given — frequently  in  tabular  form  ; 
and  the  subjects  discussed  include,  among  many  others,  Early  canal  financier- 
ing. Effects  of  the  completion  of  the  Erie  Canal,  Cost  of  canal  transportation. 
Passenger  traffic,  Early  railway  financiering.  Economic  results  of  early  rail- 
ways, Cost  of  early  freight  movements.  Effect  and  extent  of  reductions  of  cost 
of  overland  transportation,  etc. 

After  the  discussion  of  the  ancient  modes  of  transportation  on  the  backs 
of  horses  and  mules,  in  rude  sleds  or  wagons  drawn  by  animals,  or  in  arks 
and  on  rafts  in  rivers,  much  information  is  given  respecting  early  forms  of 
locomotives,  tenders  and  cars,  kinds  of  flat  wrought-iron  rails,  also  ties  and 
sills,  together  with  the  failure  of  stone  blocks  used  instead  of  ties,  and  the 
annoyance  and  accidents  occasioned  by  the  curling  up  into  snags  of  the  ends 
of  flat  rails.  Accounts  of  improvements  in  construction  of  locomotives,  cars, 
and  in  management  of  roads,  are  rendered  in  a  full  and  conscientious 
manner,  and  their  further  development  traced  with  precision.  This  re- 
quires a  multitude  of  subjects,  among  which  we  can  mention  only  a  few, 
as  affording  a  general  idea  of  the  extent  of  this  historical  examination — viz  : 
Tunnels,  bridges  and  inclined  planes,  Rivalry  between  land  and  water 
routes,  Position  of  the  competing  systems,  Railway  construction  1830  to  1850, 
First  railway-stock  panics,  Progress  in  road  and  bridge  building,  Railway 
supplies,  Statistics  of  constructions  and  operations  1840,  1850,  1855,  i860,  1870, 
Consolidation  of  connecting  lines.  Operations  of  trunk  hnes,  Fast  freight  and 
express  passenger  lines,  Railways  to  develop  coal  regions,  Improved  grading, 
Substitution  of  the  cast  T-rail  for  the  flat,  and  of  steel  for  iron  rails,  Modes 
of  signalling,  etc. 

While  such  development  is  shown  in  railroads  in  the  earlier  and  middle 
period  up  to  1870,  that  of  the  steamboat,  at  the  same  time,  is  as  faithfully 
portrayed.  The  first  forms  of  the  rude  attempts  at  steam  navigation  are 
described  and  illustrated,  and  there  follow  the  progress  in  this  art  from  1840  to 
1850,  their  further  improvement  up  to  i860  and  1870,  including  the  develop- 
ment of  passenger  and  freight  steamers  for  river,  lake  and  coast-wise  service, 
tugboats,  steam  dredges  and  the  grand  trans-Atlantic  steamers.  In  this  mid- 
dle stage,  as  it  might  be  called,  there  is  some  account  given  of  the  origin  and 
application  of  the  screw  propeller — not,  however,  as  full  as  desirable  ;  and 
the  author  does  not  say  as  much  as  we  thought  he  would  have  said,  respect- 
ing the  Baltimore  and  Philadelphia  Steamboat  Company  ("  Ericsson  Line  "), 
via  the  Chesapeake  and  Delaware  Canal,  which  line  (chartered  by  Maryland, 
February  23,  1844,  and  still  daily  continued)  was  the  first  to  carry  passengers 
and  freight  between  American  cities  in  vessels  having  screw  propellers.  The 
use  of  such  mode  in  tugboats  commenced  five  years  earlier.  This  was  most 
important,  as  developing  into  the  present  mode  of  propulsion  of  trans-Atlantic 
steamers.  On  the  latter  point  there  is  a  considerable  amo\mt  of  information 
given  in  this  work. 
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In  the  period  from  1870  to  date  of  publication,  denominated  "  Railway 
Manhood" — equally  so  of  steam  navigation — the  historical  items  and  data 
are  very  numerous,  including  much  respecting  civil  and  mechanical  engi- 
neering and  mechanical  improvements  on  railways,  locomotives,  cars  and 
steamers.  Prominent  notice  is  given  of  bridge  construction  over  principal 
rivers,  including  wire-suspension  bridges,  and  various  descriptions  of  trusses, 
with  some  notable  new  forms ;  also  the  building  of  tunnels  and  culverts,  rail- 
way machine-shops,  stations,  depots  and  tanks  and  automatic  scoop-troughs  for 
water  supply  of  tenders.  Much  attention  is  given  in  this  division  to  Termi- 
nal railway  shipping  facilities  for  coal,  oil  and  general  merchandise.  Increase 
of  varieties  of  locomotives  and  cars.  Increase  of  size  and  power  of  locomo- 
tives and  their  adaptation  to  anthracite  and  slack  anthracite  coal.  Improve- 
ment in  details  of  locomotives  and  general  improvements.  Capacity  of  freight 
cars.  Steam  brakes  and  other  improvements  in  car-trucks,  wheels  and  axles, 
Modes  of  heating  cars.  Switches  and  signals,  plain  and  automatic,  and  the 
"  block  system"  along  with  telegraphic  installation  for  the  same.  Telegraph 
communication  between  stations  and  between  cars  in  motion.  Electric  illu- 
mination of  roads,  stations  and  cars,  Iron  coal-cars.  Grain  elevators,  Cattle 
and  refrigerating  cars.  Extensive  wharves  and  facilities  for  storing  and  hand- 
ling coal.  Increased  mileage  of  railways.  Increase  in  length  of  trains  and 
increase  in  speed  of  passenger  and  express  trains.  Various  systems  of  manage- 
ment, Personnel  and  legal,  traffic  and  operating  departments,  Railway  relief 
and  insurance  associations,  etc. 

In  this  and  the  previous  period  the  rise  and  progress  is  noted  of  the  most 
important  pioneer  locomotive  works  such  as  the  Baldwin  Locomotive  Works, 
Philadelphia,  the  Rogers,  of  Paterson,  and  others,  with  honorable  mention  of 
the  Norris  Locomotive  Works,  of  Philadelphia,  an  establishment  now  passed 
away,  but  useful  and  eminent  in  its  day.  During  these  two  periods  the  Penn- 
sylvania Railroad  Company  is  well  sketched,  from  its  commencement  of 
work  in  1849  (sixty-one  miles  that  year)  with  102  index  references,  the  New 
York,  Lake  Erie  and  Western  with  sixty-four,  Baltimore  and  Ohio  sixty- 
seven,  Philadelphia  and  Reading  fifty,  and  several  other  main  roads  with 
twenty  to  forty-five  index  references. 

In  the  latter  period,  though  there  is  less  attention  given  to  the  develop- 
ment of  steamers,  there  is  much  respecting  the  gradual  increase  in  size  of 
vessels  and  the  power  of  their  engines,  with  more  use  of  high-pressure  steam. 
The  vast  size  and  increasing  elegance  of  some  passenger  steamboats — like 
those  plying  on  Long  Island  Sound — is  noted,  and  the  gradual  improve- 
ment of  the  screw  propeller  and  the  wonderful  rise  of  the  vast  trans- Atlantic 
hnes  of  steamers,  with  application  of  the  mixed  condensing  and  high-pressure 
steam  engines,  and  a  constant  tendency  to  increase  of  size  and  speed  in  these 
vessels. 

We  are  aware  that  the  above  is  a  rather  meagre  citation  from  the 
immense  number  of  subjects  included  in  this  really  elaborate  volume.  The 
more  we  have  examined  it,  the  more  we  admire  the  industry,  energy  and 
good  judgment  of  the  author.  As  a  work  intended  to  assist  the  future 
historian   too  much   praise   cannot  be  given ;  but  it  also  directly  interests  a 
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large  class  of  business  men,  such  as  merchants,  bankers,  journalists,  lawyers, 
legislators,  railway  directors  and  operators,  civil  and  mechanical  engineers, 
students  of  economic  science,  etc.  All  these  will  find  much  of  interest  in  this 
history,  and,  possibly,  what  may  prove  of  great  value  in  legal  yuestions. 

The  illustrations  form  a  valuable  portion  of  this  work.  Of  them  there  are 
forty-eight  pages,  a  few  containing  two,  but  the  most  six  to  twelve  designs, 
showing  graphically  the  first  rude  wagons,  arks,  canal  boats,  steamboats, 
locomotives,  cars,  bridges  and  trestle  work.  Next  are  exhibited  similar  but 
vastly  improved  forms,  including  the  T  cast-iron  rail,  of  several  descriptions, 
and  finally  magnificent  locomotives  and  palace  cars  of  the  present  day, 
immense  river  steamboats  and  Atlantic  steamers,  powerful  tug  and  ice  boats, 
improved  forms  of  light-houses,  etc.  A  number  of  maps  show  the  railroad 
system  of  the  United  States.  A  full  index  of  railways  and  a  general  index 
close  the  volume.  In  glancing  over  these  their  value  will  be  appreciated, 
and  it  will  be  seen  that  the  above  citations  of  subjects  have  been  compara- 
tively small  in  number.  We  cordially  recommend  this  excellent  compendium 
of  transportation  history  and  literature,  and  wish  for  it  the  wide  circulation 
in  the  United  States.  Canada  and  Europe  which  it  so  well  deserves.  One 
thing  is  certain,  it  is  destined  to  become  a  standard  work  of  reference.     N. 


Microscopical  Physiography  of  the  Rock-making  Minerals  and  an 
Aid  to  the  Microscopical  Study  of  Rocks.  By  H.  Rosenbusch. 
Translated  and  arranged  for  use  in  schools  and  colleges,  by  Joseph  P. 
Iddings.  Illustrated  by  121  wood-cuts  and  twenty-six  plates  of  photo- 
micrographs.    New  York  :  John  Wiley  &  Sons.  15  Astor  Place. 

This  is  a  very  important  and  much  needed  work.  It  .places  the  student 
who  cannot  read  German,  for  the  first  time  in  several  years  in  a  position 
abreast  of  the  times  ;  for  to  prosecute  micro-mineralogy  without  Rosenbusch 
is  like  studying  law  without  Blackstone,  or  (a  better  simile  would  be)  without 
the  record  of  modern  cases.  The  work  is  a  great  improvement  on  Rosen- 
busch's  first  edition  of  1873,  "^"d,  for  the  practical  student,  even  of  that  of 
1885.  The  English  is  an  abiidgment  of  the  German  work,  yet  the  portions 
cut  out  are  not  such  as  to  mar  in  any  way  the  usefulness  of  the  book  to  the 
English  or  American  student. 

As  stated  by  the  translator  in  his  preface,  the  omissions  are  chiefly  of  the 
historical  matter,  and  of  the  thorough  discussion  of  the  optical  anomalies  of 
certain  minerals.  The  nomenclature  and  the  method  of  Prof.  Rosenbusch 
are  preserved,  except  in  the  first  named  three  or  four  words,  for  which  there 
was  good  reason  to  retain  the  forms  generally  current  in  American  petrological 
literature. 

In  the  first  or  general  part  of  the  book,  after  a  few  words  on  the  prepara- 
tion of  the  material  for  examination,  which  might,  with  advantage,  have  been 
extended,  the  main  subjects  rendered  familiar  by  Rosenbusch's  treatment  are 
taken  up.  and  in  clear  and  scientific  English  are  laid  before  the  reader. 

The  print  and  paper  are  excellent  (as  is  usual  with  Wiley's  scientific 
publications),  and  the  twenty-six  plates  of  mjcro-photographed  figures  are 
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admirably    chosen    for    illustration,    and    generally    ^ood    as    specimens    of 
printing.  F. 


The  "  Lake 'Superior  Copper  Properties,"  etc.     By  Henry   M.    Pink- 
ham. 

This  is  a  handy  little  pamphlet  of  102  pages,  which  gives  a  great  deal  of 
valuable  information  concerning  the  copper  properties  of  the  Lake  Superior 
district,  but  arranged  statistically  and  following  a  natural  order,  without 
invoking  the  nebular  hypothesis  and  the  prophetic  imagination.  It  is  accom- 
panied by  a  skeleton  sketch  map,  on  which  the  approximate  positions  of  the 
chief  copper  mines  are  set  down.  It  treats  of  the  districts  in  the  order  in 
which  they  were  known  as  copper  districts  by  the  public,  viz:  Keweenaw, 
Ontonagon  and  Houghton. 

The  concluding  three  pages  are  devoted  to  excerpts  from  the  report  of 
President  Clark  and  Treasurer  Bigelow  in  the  last  annual  report  of  the 
Tamarack  Mining  Company,  taking  strong  ground  in  favor  of  the  course  of 
controlling  all  the  great  mines  of  the  world,  to  secure  their  "  well  being," 
because  "  the  stimulus  of  present  prices  will  necessarily  lead  all  parties  to 
crowd  to  their  utmost  all  their  energies  in  the  line  of  production,  and  if  this 
output  is  thrown  upon  the  market  without  control,  it  will  surely  result  in  dis- 
aster, while  under  the  present  ownership  and  management  it  will  not  be 
difficult  to  compel  an  equitable  distribution." 

It  is  a  necessity  to  all  those  who  are  interested  either  in  mines  in  Michigan 
or  in  copper.  F. 


Bulletin    No.   5,  of   the   State  College  Agricultural  Experiment 
Station.     October,  1888. 

This  little  pamphlet  of  eleven  pages,  by  William  Frear,  Vice-Director  and 
Chemist,  is  devoted  to  a  treatise  of  the  digestibility  of  soiling  rye,  giving  the 
plan  of  experimentation  and  comparison  with  other  fodders.  The  coefficients 
of  digestibility  of  the  material  fed  to  two  steers  form  the  concluding  lines  of 
an  interesting  table,  and  will  surprise  the  non-professional  agricultural 
chemist  by  the  closeness  of  agreement  of  the  results  of  these  processes  in 
Nature's  laboratories — the  animal  stomachs. 

The  whole  paper  is  interesting  and  illustrates  the  importance  of  liberally 
endowing  these  scientific  establishments  of  the  state.  F. 
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l^hiladelphia  Health  Officer's  Annual  Report  for  the  year  1886,  and  Annual 
Report  of  the  Bureau  of  Health  for   1887. 

From  Mr.  Joseph  G.  Patterson,  Health  Officer. 
Price,  L.     Manual  of  I'hotographic  Manipulations. 

From  Mr.  R.  A.  Fisher. 
Public  Ledger  Almanac.     1889.  From  Mr.  Geo.  W.  Childs. 

Putnam,  Israel.     History  of  the  Equestrian  Statue  of. 

From  the  Connecticut  State  Library. 
St.  Louis.      Ninth  Annual  Report  of  the  Health  Commissioner.      1884-85. 

From  the  Commissioner. 
San  Francisco  Health  Department.     Annual  Reports  for  years  ending  June  30, 

1878,  1881  and  1882. 
Condensed  Statements  of  Mortahties  for 
August  and  December,  1888. 

From  the  Department. 
Schouw,  J.  F.     Earth,  Plants  and  Man.  From  Mr.  R.  A.  Fisher. 

Signal  Office,  U.S.A.     Daily  International  Chart.     November,  1887. 

Summary  and  Review.     November,  1887.     From  the  Office. 
Smithsonian  Institution.     Report  on  International  Exchanges. 

From  the  Institution. 
State  Board  of  Health  of  Pennsylvania.     Third  Annual  Report. 

From  the  Board. 
State  Department,  U.  S.     Reports  from  the  Consuls  of  the  United  States. 

September  and  October,  1888. 

Frorn  Dr.  Wm.  H.  Wahl. 
Reports  from  the  Consuls  of  the  United  States. 
September  to  December,  1888. 

From  the  Department. 
Stewart,  Wm.  M.     Money  Answereth  All  Things.     Speech  in  the  Senate  of 

the  United  States.  From  the  Hon.  Wm.  M.  Stuart. 

Sylven,  Theodor  Walfrid.     Improvements  in  the  Construction  of  Steamships 

and  Rudders.  From  the  Author. 

Texas.  A  Partial  Report  on  the  Geology  of  Western  Texas,  and  a  Journal 
of  Geological  Observations  along  the  Routes  Travelled  by  the  Expedition 
between  Indianola,  Tex.,  and  the  Valley  of  the  Mimtres,  during  1855 
and  1856,  etc.     By  Prof.  Geo.  G.  Shumard. 

From  the  Commissioner  of  Insurance,  Statistics  and  History. 
Toledo,  O.     Annual  Reports  of  the  Board  of  Health  for  1869,  1870,  1878,  1880, 
1881,  1882,  1883,  1884,  1886.  1887. 
Report  of  the  Police  Board  for  1887. 

From  the  Board  of  Health. 
U.  S  Department  of  Agriculture.     Divison  of  Entomology. 

Periodical  Bulletin  No.  7. 
Report  of  the  Statistician  No.  58. 

From  the  Department. 
United  States  Geological  Survey.     Bulletin  Nos.  40  to  47. 

Mineral  Resources  of  the  United  States,    1887.     From  the  Survey. 
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United  States  Mint.     Report  of  the  Director   on  the   Production   of  Precious 

Metals.    1887.  From  the  Director. 

Virginia.     Acts  of  Assembly,  1885-86;  Extra  Session,  1887,  1887-88. 
Senate  Journal,  1885-86  ;  Extra  Session,  1887  and  1887-88. 
House  Journal,  1885-86  ;  Extra  Session,  1887  and  1887-88. 
Annual  Reports  of  Officers,  Boards  and  Institution.     1885,  1886  and 
1887.  P>om  the  Secretary  of  State. 

Willard,  De  Forest.     Osteotomy  for  Anterior  Curves  of  the  Leg. 

From  the  Author. 
Wisconsin.    Academy  of  Sciences,  Arts  and  Letters.      Transactions.     Vol.  6, 
1881-83. 
Blue  Book.     1887. 

Bureau   of    Labor   and   Industrial    Statistics.      Third    Biennial 
Report.     1887-88. 

From  the  State  Historical  Society  of  Wisconsin. 
Farmer's  Institute,  1887.     Bulletin  No.  i. 

From  Director  Agricultural  Experiment  Station. 
Governor's  Message  and  Accompanying  Documents.    1883  and 

1885.     Vols.  I  and  2.  From  the  Secretary  of  State. 

Laws  of  Wisconsin,  except  City  Charter,  etc.    1883,  ^^1.  i  ;  1885 

vol.  I.  From  the  Secretary  of  State. 

Insurance  Commissioner's  Second  and  Third  Biennial  Reports 

for  1885-86,  1887-88. 
Insurance  Laws,  1878-88.  From  the  Commissioner. 

Laws  of  1887.     Relating  to  I'ublic  Schools. 

From  the  State  Superintendent. 
Normal  Schools.     Annual   Report  of  the   Board  of  Regents  for 
1879-80.    Biennial  Report  for  1884-85,  1885-86  and  1886-87, 
1887.  From  the  Board. 

Railroad  Commissioner.     Second  Biennial  Report.     1885-86. 

From  the  Commissioner. 
Roster  of  Wisconsin  Volunteers.  War  of  the  Rebellion.   1861-65. 

Vols.  I  and  2.  From  the  State  Historical  Society. 

State  Agricultural  Society.    Transactions.  Vols.  25  and  26.    1887 

and  1888.  From  the  Society. 

State    Board    of    Health.     Tenth  and  Eleventh  Reports.     1886 
and  1887. 

From  the  State  Historical  Society  of  Wisconsin. 
Dairymen's  Association.  Eleventh,  Twelfth,  Thirteenth  and  Six- 
teenth Annual  Reports,  for  1883,  1884,  1885  and  1888. 

From  the  Association. 
State  Historical  Society.    Catalogue  of  the  Library.  Vol.  7  (Fifth 
Supplement).     Biographical  Sketches  of  Lyman  C.  Draper 
and  Mortimer  Melville  Jackson.    Madison.     1887. 
Early  Days  in  Jefferson  County.     By  Elisha  W.  Keyes. 
History  of  the  Public  Schools,  of  Madison, Wis.  By  Reuben 
G.  Thwaites. 
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Local  Government  in  Wisconsin.      By  Uavid  E.  Spencer. 
Hre-historic  Wisconsin.    By  Prof.  James  D.  Butler.  Westphalian 

Medal.     1648.     By  J.  D.  Butler. 
Reminiscences  of    Morgan   L.  Martin.     1827-87.     Edited  and 

Annotated,  with   a  Biographical  Sketch.      By    Reuben    G. 

Thwaites. 
The  Boundaries  of  Wisconsin,  with  a  General  Historical  Survey 

of  the  Division  of  the  Northwest  Territory  into  States.     By 

Reuben  G.  Thwaites. 
The   Influence  of  History  on   Individual  and  National  Action. 

By  Paul  A.  Chadbourne.  From  the  Society. 

State  Horticultural  Society.     Transactions  for  1887. 

From  the  Society. 
State  Mediral  Society.     Transactions.     1869,  1870,   1871,  1875, 

1876,  1880,  1881,  1882,  1883.  1884,  1885  and  1888. 

From  the  Society. 
State  Superintendent  [of  Schools].    Biennial  Reports.    1885-86, 

1887-88.  From  the  Superintendent. 

University  of  Agricultural  Experiment  Station.     Bulletin  No.  3. 

June,  1884.  From  the  Station. 

Yonkers,  N.  Y.     Municipal  Reports.      1883-84  to  1887-88,  inclusive. 

From  the  City  Clerk. 


Franklin    Institute. 


\^Proceedings  of  the  A?tnual  Meeting,  held  Wednesday ,  February  20,  /SSq.^ 


Hall  of  the  Institute, 
Philadelphia,  February  20,  1889, 

Joseph  M.  Wilson,  President,  in  the  Chair. 

Present,  119  members  and  nine  visitors. 

Additions  to  membership  since  last  report,  seventy-nine. 

The  Chairman  of  the  Special  Committee  to  Increase  Membership  made  a 
report  of  progress. 

Mr.  F.  Lynwood  Garrison  exhibited  a  series  of  handsome  specimens  of 
artistic  metal  work  made  in  Russia,  and  made  some  explanatory  remarks 
respecting  the  same,  and  on  the  state  of  artistic  metal  working  in  Russia. 

Dr.  E.  S.  McClellan,  of  Paterson,  N.  J.,  presented  a  communication 
descriptive  of  a  method  and  apparatus  for  automatically  preventing  the 
unsealing  of  house  dramage  traps  by  siphoning.  A  working  model  was 
shown,  exhibiting  the  construction  and  operation  of  the  invention. 

The  report  of  the  Secretary  contained  reference  to  the  forthcoming  Inter- 
national Exhibition  in  Paris,  and  a  comparative  description  of  the  Electric 
Reduction  Processes  of  Messrs.  Cowles  and  M.  Herault. 

Adjourned,  Wm.  H.  Wahl,  Secretary. 
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FIRE  ISLAND  INLET. 


IS  IT  MOVING  east  OR  WEST,  AND  AT  WHAT  RATE? 


By  Lewis  M.  Haupt. 


In  a  recent  discussion  before  the  Committee  on  Science 
and  the  Arts  relative  to  the  comparative  effects  of  wind  vs. 
tide  in  producing  changes  along  the  alluvial  coasts  and  at 
harbor  entrances  of  the  United  States,  the  writer  supported 
the  theory  that  the  resulta^it  direction  of  the  natural  forces 
acted  in  certain  definite  directions  at  various  parts  of  the 
coast  and  that  these  directions  conformed  in  general  to 
those  of  the  flood  tide,  and  were  not  due  chiefly  to  prevail- 
ing winds,  as  is  generally  supposed. 

In  support  of  this  theory  numerous  instances  were  cited 
and  amongst  others  the  westward  progression  of  the  spits 
and  inlets  on  the  outer  or  south  shore  of  Long  Island. 
Whole  No.  Vol.  CXXVII.— (Third  Series,  VoL  xcvii.)  17 
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On  the  other  hand,  it  was  urged  by  a  member  of  the 
committee  that  the  theon^  was  inconsistent  with  the  fact, 
and  Prof.  Henry  Mitchell,  of  the  U.  S.  Coast  and  Geodetic 
Sur\^ey,  was  quoted  as  saying  that 

"  The  motion  of  the  weaves  is  not  always  in  the  direction 
of  the  prevailing  winds.  *  *  *  An  example  of  this  is 
shown'  by  the  action  of  the  waves  on  the  north  side  of  Long 
Island,  N.  Y.,  which  drifts  the  material  westward,  while  on 
the  south  side  the  motion  of  the  drifted  material  is  east- 
ward, and  yet  the  prevailing  winds  must  be  the  same  on 
the  two  sides  of  the  island." 

The  above  paragraph  was  quoted,  not  to  show  that  the 
winds  did  not  always  blow  from  the  right  quarter,  but  that 
Professor  Mitchell  was  authority  for  the  statement  that  the 
drift  on  the  south  side  of  Long  Island  is  eastu'ard,\vheTea.s  the 
theor}'  the  writer  supported  required  it  to  be  westward. 
There  was  produced,  also,  a  coast  survey  chart  of  Fire 
Island  Inlet  to  demonstrate  the  alleged  fallacy  of  this 
theor}'. 

At  this  point  the  discussion  was  terminated  abruptly, 
leaving  erroneous  impressions  detrimental  to  scientific 
truth,  and  showing  the  danger  of  generalizing  from  special 
cases. 

What  Professor  Mitchell  states  is  true,  but  only  for  a 
limited  portion  of  the  eastern  end  of  the  island,  where,  dur- 
ing the  entrance  of  the  flood  tide  into  the  sound,  a  draft 
current  is  produced  around  Montauk,  but  for  nearly  the 
entire  length  of  the  shore  line  the  movement  is  westerly,  as 
stated.  To  leave  no  doubt  as  to  this  point,  as  well  as  to 
show  the  errors  liable  to  arise  from  comparing  the  relative 
volumes  of  the  sand-bars  on  either  flank  of  a  navigable  chan- 
nel, an  official  copy  was  obtained  from  the  U.  S.  Coast  and 
Geodetic  Surv^ey  Office,  of  the  comparative  surveys  of  the 
point  in  question  for  the  years  1835  to  1873  and  1887,  showing 
some  definite  yet  not  unusual  features.  The  accompanjdng 
chart  reduced  therefrom  needs  but  little  interpretation,  for  it 
is  seen  at  once  that  during  the  fifty-two  years,  from  1835  to 
1887,  the  eastern  point  of  Fire  Island  Beach  has  advanced 
westerly    about   9,960   feet,    or  nearly  two  (2)  miles.     The 
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average  rate  was  186  feet  per  annum,  which  is  about  the 
same  as  that  on  the  Texas  coast  near  i^ransas  Pass.  From 
1835  to  1873  the  movement  was  at  the  rate  of  170  feet,  and 
during  the  later  period  of  fourteen  years,  it  was  about  220 
feet  each  year.  Or  if  the  distance  be  taken  to  the  western 
end  of  the  island,  now  forming  in  the  inlet,  it  will  give  about 
12,000  feet  in  fifty-two  years,  an  average  of  say  230  feet. 
The  general  direction  of  the  shore  line  remains  at  S.  75°  W. 

The  changes  on  the  inner  or  receding  beach  clearly  indi- 
cate a  filling  up  of  the  lateral  inlets  and  corresponding  pro- 
gression of  the  western  spit.  This  filling  occurs  in  lee  of 
the  shelter  afforded  by  the  overlapping  seaward  hook,  where 
the  sand,  which  has  been  travelling  westwardly  along  the 
outer  beach,  finds  a  comparatively  quiescent  basin  into  and 
across  which  it  is  carried  by  the  action  of  both  flood  and  ebb 
currents,  only  to  renew  its  journey  along  shore  under  the 
transporting  agency  of  the  flood  waves. 

To  remove  all  doubt  as  to  the  facts  in  the  case,  the  writer 
addressed  a  letter  to  the  Hydrographic  Office,  requesting 
information  from  competent  observers  along  this  coast.  In 
consequence,  the  annexed  circular  was  sent  to  the  keepers 
of  the  Life-Saving  Stations,  from  a  few  of  whom  replies 
have  been  forwarded  through  the  courtesy  of  the  office. 

Sir  : — The  Hydrographic  Office  is  desirous  of  obtaining  all  possible  data 
regarding  the  movement  of  wreckage  and  other  bodies  along  the  shore  as 
affected  by  wind,  waves,  currents  and  tides.  This  information  is  desired  with 
special  reference  to  the  action  of  tidal  and  other  currents  immediately  adjacent 
to  the  coast  line,  with  a  view  of  its  utilization  in  considering  the  formation  of 
bars  and  the  shifting  of  the  coast  line  at  the  entrance  to  our  rivers  and 
harbors. 

Will  be  thankful  for  any  information  you  can  furnish  on  this  subject  at 
your  earliest  convenience. 

Shall  always  be  glad  to  serve  you  at  any  time,  and  hope  you  will  do  me 
the  honor  of  calling  upon  me,  when  the  occasion  arises.     I  am. 

Very  respectfully, 
[Signed]  V.  L.  Cottman, 

Lieut,  b.  S.  Navy,  in  charge. 

Although  this  letter  was  sent  to  forty-five  stations,  replies 
have  been  received  from  but  eight. 
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EXTRACTS    FROM    REPORTS  OF  LIFE-SAVING   STATION    KEBPERS 
OF   THE   THIRD    U.  S.  LIFE-SAVING    DISTRICT. 

Latitude,  40°  47'  30". 
Longitude,  72°  39'  00", 

Petunk  Station,  N.  Y.,  January  10,  1889. 
"  In  moderate  weather,  with  small  sea,  the  current 
changes  with  each  turn  of  the  tide,  running  west  longer 
than  east.  From  August  to  May  much  the  heaviest  amount 
of  current  runs  west.  During  the  summer  months  it  runs 
each  way  more  equally.  Heavy  wreckage  from  stranded 
vessels  moves  much  more  west  than  east.  Outlets  from 
all  bays  along  this  coast  move  west.  The  shore  line  is 
slowly  working  on  to  the  land.  About  three  months  after 
the  steamship  City  of  Columbus  was  wrecked  at  or  near  Gay 
Head  (west  end  of  Martha's  Vineyard),  one  of  her  life 
preservers,  made  of  ground  cork  and  thoroughly  water- 
soaked,  was  picked  up  near  this  station.  Part  of  a  schooner, 
with  the  official  number,  that  went  to  pieces  inside  of 
Montauk,  came  ashore  here." 

[Signed]  Franklin  C.  Jessup, 

Keeper  Petunk  Life-Saving  Station. 

Latitude,  40°  35'  30". 
Longitude,  73°  47'  20". 

Rockaway  Station,  January  4,  1889. 

"  The  currents  along  the  shore  here  are  generally  to  the 
west,  and  the  formation  of  bars  are  most  always  shifting 
from  east  to  west.  Wreckage  and  all  substances  which  are 
carried  by  currents  are  most  always  carried  west.  Inlets 
and  shoals  are  always  shifting  to  the  west.  Of  course,  there 
are  exceptions  to  this,  such  as^heavy  west  winds,  when  the 
current  will,  for  the  time,  run  to  the  east,  but  as  far  as  my 
experience  goes  the  currents  are  from  the  north  and  east  to 
the  south  and  west  along  the  coast. 

"  I  have  known  a  good  many  wrecks  along  this  coast,  and 
the  wreckage  would  go  to  the  west,  but  I  never  '  knowed  ' 
of  it  going  to  the  east. 

"  The  wreckage  of  the  steamship  Oregon  was  found  as  far 
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south  as  North  Carolina,  but  I  never  heard  of  any  being 
found  east,  and  some  years  ago  there  was  a  schooner  ashore 
east  of  Fire  Island,  loaded  with  cotton.  When  the  wreck 
broke  up  the  cotton  came  west  as  far  as  this  station  and  to 
the  west  of  it."  * 

[Signed]  Wm.  H.  Reinhart, 

Keeper. 

Latitude,  40°  34'  10". 
Longitude,  73°  51'  50". 
Rock  AWAY  Point  Station,  L.  L,  January  17,  1889. 
Lieut,  V.  L.  Cottman,  U.  S.  N. 

Sir  : — Your  circular  asking  information  of  wreckage  and 
other  bodies  along  shore  is  received. 

If  deeply  submerged  in  the  water,  ebb  tide  will  carry 
them  east,  while  flood  tide  will  carry  them  west.  A  light 
substance  will  float  according  to  the  wind.  All  inlets  and 
shoals  work  or  form  to  the  westward. 

[Signed]  Respectfully,  D.  B.  Abrams, 

Keeper. 

Latitude.  40^  34'  20". 
Longitude,  73°  56'  20". 
Coney  Island  L.  S.  vStation,  Manhattan  Beach, 

Januarv'  15,  1889. 
Lieut.  V.  L.  Cottman. 

Sir: — Yours  of  the  2d  received.  *  *  *  About  four 
years  ago  the  sloop  Undine,  while  coming  in  Rockaway 
Inlet,  shipped  a  sea  and  sunk.  She  was  at  the  time  on  the 
edge  of  the  east  shoals.  After  about  eighteen  hours  she 
drifted  W.  by  N.  W.  (nearly  half  a  mile).  Here  she  laid 
about  stationary  for  eighteen  hours,  and  then  in  twelve 
hours'  time  reached  a  point  100  yards  S.  E.  from  east  end  of 
Manhattan  Beach  Bulkhead.  She  dragged  bottom  the 
whole  of  the  distance. 

A  large  hawser  was  lost  off  a  steamboat  near  where  the 
Undine  sank  (Main  Rockaway  Inlet),  and  after  about  six 
months  came  ashore  about   300  yards  east  of   Manhattan 

*  This  would  be  from  thirty-five  to  forty  miles. 
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Beach  Bulkhead.  *  *  *  Rockaway  Beach  has  been 
steadily  gaining  ground  to  the  west.  The  gain  for  the  last 
twenty  years  has  been  about  four  miles. 

[Signed]  R.  H.  Ryder, 

Keeper. 

Thus  in  this  range  of  i°  17'  of  longitude,  equivalent,  at 
this  latitude,  to  about  sixty-eight  miles  along  the  southern 
coast  of  Long  Island,  there  is  found  to  exist  a  progressive 
westerly  movement  of  the  shore  line,  corresponding  to  the 
direction  of  the  bottom  ciirrents  during  the  incoming  tide. 
If  the  rate  of  growth  of  Rockaway  Beach  is  correctly 
stated,  it  would  indicate  a  more  rapid  movement,  as  the  tide 
is  compressed  towards  the  gorge  at  the  entrance  to  New 
York  Bay,  between  Coney  Island  and  Sandy  Hook.  From 
this  it  would  appear  that  the  westerly  movement  of  the 
beach  sand  is  due  chiefly  to  the  direction  of  the  flood  tide, 
rather  than  to  the  alleged  prevailing  direction  of  the  wind 
or  to  northeast  storms,  which  here  would  be  off  shore. 


The  TRANSMISSION  of  POWER   by  ELECTRICITY 


Frank  J.  Sprague. 


\_A  Lecture  delivered  before  the  Franklin  Institute,  November  12,  i888.'\ 


(^Concluded  from  Vol.  cxxvii,  page  iy6.) 

In  considering  the  transmission  of  power,  some  very 
curious  and  valuable  facts  may  be  demonstrated  by  a  for- 
mula for  determining  the  minimum  cost  of  plant,  where  the 
amount  of  power  at  the  generating  station  is  practically 
not  limited,  and  where  there  is  no  line  loss  from  leakage, 
the  line  loss  being  measured  simply  by  the  fall  in  potential. 

The  cost  of  a  plant  of  this  character  can  be  divided  into 
five  parts,  that  of  the  motors,  the  conductors,  the  line'  erec- 
tion, the  dynamos,  and  the  power  plant,  whether  water  or 
steam.     I  will    assume  that  the  cost  of  the  dynamos  and 
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motors  is  the  same  per  horse-power  or  other  unit,  no  matter 

what    the    electro-motive   force  used.     While  this   is    not 

strictly  true,  for  all  practical  purposes,  with  large  units,  and 

speaking  from    the  commercial    standpoint,    it    can    be    so 

assumed.     This  being  the  case,  for  any  given  power  the  cost 

of  the  motor  is  a  constant,   independent  of  the  potential 

used.     With  any  given  motor  potential,  the  greater  the  loss 

on  the  line,  the  less  the  cost  of  the  conductors,  but  the 

greater  the  cost  of  the  generators.     On  the  other  hand,  the 

less  the  loss  on  the  line,  the  greater  its  cost,  but  the  less 

the  cost  of  the  generating  plant.     It  follows,  then,  that  the 

least  cost  to  the  contractor  is  determined  when  the  variation 

in  the  cost  of  the  generator  is  equal  to  that  in  the  cost  of 

the  line,  and  it  is  to  a  consideration  of  this  fact  that  I  wish 

to  call  your  attention  : 

We  have  the  formula 

1492nm  I 
CM=    —^ 

Let  d  equal  weight  of  one  mil-foot  of  copper.  Then 
the  weight  per  foot  of  the  copper  of  our  conductor 
would  be 

1492  nmld 
Eva 

and  the  total  weight  for  2  I  would  be 

2984  nml^  d 


(3) 


Ev  a 


(4) 


If  6  is  the  cost  in  cents  per  pound  of  copper  (the  cost  of 
insulation  being  added  to  cost  of  copper),  we  have  for  the 
cost  of  the  wire  in  the  line 

2984  nml^db  ,.v 

Eva 

It  is  to  be  noted  here  that  this  cost  b  must  be  expressed 
so  much  per  pound  of  copper.  It  may  be  that  we  have  a  line 
covered  by  an  insulation  of  such  character  that  for  every 
dollar's  worth  of  copper  there  may  be  $3  or  $4  worth  of 
insulation.     For  example,  suppose  that   a  '  „  B.  W.  G.  wire 
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be  used,  covered  with  an  insulation  that  should  make  it 
cost  say  $150  a  thousand  feet.  The  actual  weight  of  cop- 
per in  the  line  would  be  only  350  pounds,  which,  at  $150 
market  price,  would  make  the  wire  cost  forty-three  cents  per 
pound  of  copper.  It  is  this  cost,  plus  the  cost  of  freight  and 
handling,  which  must  be  used  as  the  value  of  6. 

Let  E  equal  the  E.  M.  F.  at  the  terminals  of  the  motor; 
e,  the  motor  electro-motive  force  ;  v,  the  fall  of  potential  on 
the  line  ;  /3,  the  commercial  efficiency  of  the  dynamo ;  E' y 
the  E.  M.  F.  of  the  generator,  and  n  the  number  of  H.  P. 
developed  by  the  motor.     Then  we  have  evidently 


E" 

as  the  ratio  of  the  watt  capacity  of  the  motor  and  gen- 
erator ; 

n 

a 

the  H.  P.  of  electrical  energy  delivered  at  the  motor  termi- 
nals; 

J&  -f-  V         n 
E         ^  a 

the  H.  P.  of  electrical  energy  delivered  to  the  line,  and 

E  ^  V        n        1_ 
~E~  ^a^'^ 

that  delivered  to  the  generator. 

I  think  it  advisable  to  make  use  of  the  term  horse-power 
and  commercial  efficiency,  for  it  is  partly  from  the  commer- 
cial aspect  I  wish  to  look  at  the  problem,  and  it  is  the  side 
which  in  business  we  must  confront. 

Let  us  further  make  K  equal  the  cost  in  cents  of  the 
generators  per  horse-power  required  to  drive  them,  and  L 
the  similar  cost  per  horse-power  of  the  steam  or  water  plant, 
all  of  course  erected  in  place,  that  is  with  the  cost  of 
freight,  handling,  insurance,  and  erection  added  to  the  fac- 
tory or  shipping  cost.  Then  the  cost  per  horse-power  of  the 
generating  plant  complete  would  be  : 
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If  M  is  the  cost  of  motor  per  horse-power  developed 
similarly  erected  in  place,  the  cost  of  the  receiving  plant 
would  be  n  M. 

We  now  have  one  element  which  is  somewhat  indeter- 
minate and  is  dependent  chiefly  upon  distance  and  local  con- 
ditions, and  that  is  the  cost  of  pole  and  line  erection,  and  we 
will  call  this  P. 

Summing  up  our  cost  we  have  the  general  expressions 
for  the  cost  per  horse-power  delivered  : 

C  =  E±-    (K  +  L)  +    g^«^  '»'''"'  +  M  +  ?-       (7) 
E  a  fd  Eva  n 

It  is  evident  that  this  is  variable,  and  since  the  costs  of 
the  motor  and  the  line  erection  are  arbitrary,  the  variation 
is  narrowed  down  to  the  cost  of  the  generating  plant  and  the 
material  in  the  line.  It  is  here  apparent,  as  already  pointed 
out,  that  if  we  diminish  the  cost  of  the  line  by  increasing  the 
fall  of  potential,  we  must  at  the  same  time  increase  the  cost 
of  the  generating  plant,  and  on  the  other  hand,  that  if  the 
loss  on  the  line  is  reduced,  its  cost  will  increase,  while  that 
of  the  generating  plant  will  diminish. 

Differentiating  with  v  as  the  variable,  we  have, 

d^  ^  A'^  L  _  2984  m  l^  d  b  .g^ 

dv         Eajd  Eav" 

or  equating  to  zero 

K  -\  L  _  2984  mfdb 

'~li  ^  (9) 

which  is  the  condition  of  least  cost. 
From  (9)  we  have 

r.ni      I  m  d  b  ft 

T/iat  is,  with  fixed  conditions  of  cost  and  efficiency  of  appa- 
ratus, the  number  of  volts  fall  to  get  the  minimum  cost  of  plant 
is  a  function  of  the  distance  alone  and  is  independent  of  the 
electro-motive  force  used  at  the  motor,  a  somewhat  startling 
conclusion. 

Substituting  the  equivalent  value  given  by  equation  (9) 
in  (7)  we  now  have  for  the  equation  of  least  cost. 
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The  first  element  representing  the  cost  of  the  generating 
plant  and  the  second  the  cost  of  the  wire  per  the  horse- 
power developed  by  the  motor.  The  cost  of  the  wire  is 
given  as  a  ratio  of  the  cost  per  horse-power  of  the  generating 
plant.     From  this  equation  we  have  the  relation  : 

Cost  of  wire  v  ^l  n\ 


Cost  of  generating  plant         E  -\-  v 

This  is  not,  however,  in  a  xoxy  useful  form,  and  since  the 
commercial  efficiency  is  that  with  which  we  are  concerned, 
we  will  introduce  a  term,  designating  it  /. 

We  have  for  the  H.  P.  delivered  to  the  generator, 

E-^v 

—  n 

Ea-i 

and  n  that  taken  out  of  the  motor ;  hence  we  have, 

E+v  ^     ^ 

or 

v=  _«Z^zA  E  (14) 

Substituting  the  value  of  v  in  equation  (11),  we  have  a 
new  form  of  the  cost  equation  as  follows : 

C  =  A±Jl  -f    ^^  — ^'   (K-  L)  +  J/  +  —        (15) 
?.  a  j3  A  n 


a  still  simpler  formula.     We  also  have  the  relation. 

Cost  of  wire  a  ^  —  / 

Cost  of  generating  plant  a  /9 


(16) 


That  is,  wit/i  any  fixed  couple  and  commercial  efficiency,  the 
cost  of  the  wire  should  bear  a  defiyiite  and  fixed  ratio  to  the  cost 
of  the  generating  plant. 

But  the  query  arises  at  once,  is  this  so,  no  matter  what 
the  cost  of  the  copper?  And  the  answer  is  an  affirmative 
one,  and  why  this  is  so  will  soon  be  apparent. 


^        -308  I X 
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Referring  to  the  equation  (10)  and  substituting  for  m  its 
approximate  value,  iO"5,  and  for  cfits  value,  "00000302705,  we 
have  : 

V  =  -308  I  J     ^  ^  (17) 

Combining  this  with  (13),  we  find  that 

J~bJ~  (18) 

a/9— /\^  +  X 

We  now  see  what  influence  the  cost  of  copper  has  when 
the  commercial  efficiency  is  maintained  constant,  which  is 
to  vary  the  value  of  E  as  it  increases,  but  only  as  the  square 
root  of  such  increase.  It  will  be  noticed  also  that  a  varia- 
tion in  iT  +  L  inversely  affects  E  and  v  likewise  as  the 
square  root. 

//  follozvs  from  the  above  that  if  we  do  not  limit  ourselves  in 
the  E.  M.  F.  used,  the  cost  per  H.  P.  delivered  exclusive  of  line  erec- 
tion, is,  for  least  cost  and  for  a  given  commercial  efficiency, 
absolutely  independent  of  the  distance. 

We  are  met  at  times  with  the  condition  that  the  motor 
potential  shall  not  be  above  a  given  amount,  and  from  the 
formula, 

E  =  -^HJ-    VJTi 

a.  ,3  —  /  y^x  +  L 
transposed  to 

^  ^ E  a  ^ 


.308  I  J^^-T—r   +  E 


(19) 


we  find  at  once  what  the  efficiency  of  the  transmission  must 
be  with  a  given  distance,  and  therefore  whether  it  is  worth 
while  to  attempt  the  operation.  On  the  other  hand,  if,  for 
example,  we  make  our  lower  limit  of  commercial  efficiency 
50  %,  a  ^  =  80  "y,  and  ^  =  90%,  we  have  a  limiting  equa- 
tion. 


E  =  .487  /    I      ^  (20) 

'^K  +  L 

Since  the  circular  mils  vary  inversely  with  E  v,  the  size, 
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weight  and  cost  of  the  wire  vary  directly  as  the  cost  of  the 
g-enerating  plant,  which  we  have  already  seen  from  another 
formula.  To  get  a  matter-of-fact  idea  of  this,  I  will  assume 
some  values,  as  follows : 

Let  K  =  $45.00,  L  =  $20.00  (say  for  a  water-power), 
Jf  =  $50.00,  and  6  =  25  cents  for  copper  delivered  on  the 
ground. 

Then  we  would  have  our  formulae  for  this  particular  case 
reduced  to  the  following  : 

"  =  *ff'^  (21) 

V  =  .0181  I  (22) 

E  =  -^^^^  ^  I  (23) 

4— 5  k''  ^     ^ 


and 


^  ^  (24) 


5  jB  +  0905  I 


which  will  give  us  the  required  elements  of  any  single 
transmission  under  these  conditions. 

For  example,  suppose  we  wish  to  transmit  20,000  feet. 
The  fall  of  potential  on  the  line  could  be  362  volts,  and  this 
is  independent  of  the  commercial  efficiency.  If  this  latter 
is  made,  say  sixty  per  cent.,  then  E  =  1,086  volts,  and  the 
potential  at  the  terminals  of  the  generator  should  be  1,448 
volts.  On  the  other  hand,  suppose  we  want  to  transmit  a 
distance  of  10,000  feet  with  a  motor  terminal  potential  of 
800  volts,  then  A  =  65  per  cent,,  and  v  =  181  volts. 

We  can,  as  I  will  soon  show,  make  a  graphic  representa- 
tion of  these  facts,  which  will  save  much  labor  and  will  give 
at  a  glance  the  various  limitations. 

Referring  to  the  general  equation  we  can  make,  for 
various  efficiencies,  a  table  as  follows : 

n 

55   "        "        {^K  +  ^L-\-i^(K-^  L)  ^  M-\-?^ 

n 


Diagram  IV. 


5  000  10000 


JSooo 

1  s  ^VrVA^wCC  \w  '^tfit. 


60000  &&60O 


Jour. 
2000- 

Frank.  Inst.,    Vol.   CXXVII.  April,  i88g. 

l£>00 

1 

1800 

1700 

l600 

1500 

|i»00 

1300 

1200 

* 
^    1100    _ 

\ 

• 
«•     1000 

• 
»J5i     900 

^^^-<^ 

800 

L 

'^' 

700 

1 

1 

^"^<^         A? 

^^.     , 

60O 

^<< 

500 

i 

'^OO 

1 

300 

200 

100 

0 

! 

t 

5 

000                         |0( 

300                          15( 

1         ? 

}00 

\» 

• 


20000  25000  joboo 


3 


Jour.  Frank.  In.st.,   Vol.    CXXVIl.  April,    iSSi) 


10000 
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60%        C   =    f  ^  +    f  i  +  ^  (A^  +  X)  +  if  +  :? 

n 

65   "        "         fi  A'  +  ^  i  +  if  (^  +  X)  +  i»f  +  ^- 

n 

n 

n 
80   "        "  I  iT  +    I  i  +  0  +  */  +  ^ 

71 

and  substituting  the  assumed  values  of  K,  L  and  M,  we 
would  have  for  the  cost  of  transmission  per  horse-power 
delivered,  exclusive  of  poles  and  line  erection,  and  inde- 
pendently of  the  distance,  the  following  table : 


Efficiency, 

Water- 

Dynamo. 

Wire. 

Motor. 

Electrical 

Water  and 

Fer  Cent. 

Power. 

Total. 

Electrical. 

50 

;g4o  00 

$90   00 

$48  75 

$50   00 

$188    75 

$228    75 

55 

36  36 

81    81 

36  94 

50   00 

168  75 

205    II 

60 

33  33 

75  00 

27  08 

50   00 

152  08 

185    41 

65 

30  n 

69  23 

18  75 

50  00 

137  98 

168  75 

70 

28  57 

64  28 

II  61 

50  00 

125  89 

154  46 

75 

26  67 

60  00 

5  42 

50  00 

115  42 

142  09 

80 

24  00 

56  25 

.    .    . 

50   00 

106  25 

130  25 

The  graphic  representation  of  the  facts  which  have  been 
set  forth,  and  the  construction  of  an  electrical  reference 
table,  which  will  at  once  show  the  necessary  elements,  is  a 
simple  matter. 

We  have  the  equation. 

•0905  I 
4  —  5  / 

Let  us  lay  off  on  the  axis  of  x  the  distance  in  feet  and 
on*the  axis  of  y  the  E.  M.  F.  at  the  motor  terminals. 
Then  for  any  value  of  /  the  ratio  of 

E 
I 

is  fixed,  whatever  the  actual  value,  and  we  can  draw  the 
efficiency  lines  0  A,  OB,  etc.,  for 

;.  =  700.0,  eOO'o,  etc., 
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which  will,  with  the  different  values  of  I  and  E,  give  us  any 
required  information.  This,  however,  is  not  yet  in  a  con- 
venient and  general  form,  and  we  wish  to  get  some  general 
intersecting  efficiency  line.  By  an  inspection  of  the  diagram 
we  see  that  if  a  general  efficiency  line  can  be  drawn, 
it  must  intersect  the  specific  efficiency  lines  at  such  an 
angle  that  the  intersected  portions  must  be  proportional  to 
the  differences  of    efficiencies.     In  other  words,  we  must 

have  the  ratio 

E 
X 

for  any  particular  value  of  E  constant.  Referring  to  the 
above  equation  and  transposing  we  have, 

^  _  5  ^  +   0905  I  .25\ 

It  is  evident  that  if  we  are  to  get  this  equation  to  give  a 
straight  line,  we  must  make  the  condition 

E^ 

a  constant,  r.     Substituting  we  have — 

/ 

and 

5  jE  +  -0905  I 

r  =. 

4 

which  will  give  in  a  series  of  parallel  straight  lines  for 
various  values  ®f  r  and  E  corresponding. 

Let  r  =  1000. 

Then  we  have — 

E  =  1000  / 

and 

4  ;•  _  -0905  I 

E  =  

5 

When 

E  and  /  =.  0,  4  r  =  -0905  I 

or 

I  =  44199, 
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and  when  /  =  0, 

E  =  800 
and  /  =  80\. 

Plotting  this,  we  have  a  general  efficiency  line.  Assum- 
ing another  value  for  r,  we  get  another  straight  line  parallel 
to  this,  but  one  line  is  sufficient.  It  is,  however,  of  prime 
importance.  On  it  we  lay  off  the  efficiency  percentages 
in  equal  increments,  from  o  to  So",,,  and  the  chart  which 
needs  consist  only  of  the  axes  of  x  and  y,  on  which 
the  E.  M.  F.  and  distance  are  laid  off,  and  the  efficiency 
intersecting  line  is  ready  for  constant  reference,  and  will 
give  at  a  glance  the  graphic  solution  of  all  the  ordinarv 
elements  of  a  transmission  under  the  condition  of  least 
prime  cost,  and  with  the  known  efficiency  of  motors  and 
dynamos.  For  example,  suppose  we  wish  to  transmit  a 
distance  of  30,000  feet  at  a  commercial  efficiency  of  sixty 
per  cent.,  what  would  be  the  required  E.  M.  F.  at  the  motor 
terminals  ?  Drawing  the  efficiency  line  0  B  till  it  meets  the 
ordinate  erected  at  I  =  30,000,  we  find  the  E.  M.  F.  to  be  1,620 
volts.  On  the  other  hand,  suppose  we  are  limited  to  1,000 
volts  at  the  motor,  and  must  have  an  efficiency  of  fifty  per 
cent.,  what  would  be  the  limiting  distance  ?  Reversing  the 
above  process,  we  find  it  to  be  33,500  feet.  Suppose,  again, 
that  we  must  operate  at  a  distance  of  20,000  feet,  and  are 
likewise  limited  to  an  E.  M.  F.  of  800  volts  at  the  motbr, 
what  would  be  the  required  efficiency?  Through  the  inter- 
section of  the  co-ordinates  of  electro-motive  force  and  dis- 
tance, we  draw  the  efficiency  line  0  H,  and  at  its  intersection 
find  the  efficiency  to  be  about  fifty-five  and  one-half  per 
cent.     Such,  then,  is  this  method  of  graphic  determination. 

Commercial  practice,  however,  may  make  it  inadvisable 
to  meet  every  phase  of  a  transmission  just  as  the  theory 
may  demand,  and  since  in  manufacture  it  may  be  advisable 
to  build  motors  for  three  standard  potentials,  say,  for  400, 
800  and  1,200  volts,  allowing  the  dynamo  to  be  driven  at 
the  E.  M.  F.  demanded  by  theory,  we  may  be  required  to 
make  a  table  something  like  the  following.  It  will  be  noted 
that  the  prices  here  differ  somewhat  from  those  given  in 
the  preceding  examples,  and  are  illustrative  rather  than 
perfectly  accurate. 
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NEW  FORMS  OF  VENTURI  TUBES. 


[From  the  Annals  of  the  Laboratories  of  the  Department 
of  Civil  Engineering-  of  Cornell  University.  Section  of 
Hydraulic  Research.  Preliminary  Investigation  by  Prof. 
I.  P.  Church,  Superintendent  of  the  Hydraulic  Laboratory.] 

Having-  recently  designed  and  made  a  few  experiments 
with  the  two  forms  of  short  pipes  or  tubes  to  be  described 
below  (and  there  called  B  and  C ),  for  the  discharge  of. water 
from  the  side  of  a  large  vessel,  the  writer  finds  his  expecta- 
tions so  far  realized  as  to  venture  to  speak  of  them  as  "  new 
forms  of  Venturi  tubes." 

In  all  records,  accessible  to  him,  of  experiments  on  the 
discharge  of  water  through  short  pipes  having  conically 
divergent  interior  walls,  stress  has  always  been  laid  on  the 
circumstance,  so  surprising  to  the  novice,  that  a  greater  rate 
of  discharge  takes  place  than  would  occur  through  an  ori- 
fice in  thin  plate,  or  through  a  short  cylindrical  pipe,  having 
an  area  of  discharge  equal  to  the  sectional  area  at  the 
narrozi'cst  part  of  the  Venturi  tube.  Again,  in  Mr.  Francis' 
experiments  (Lowell  Hydraulic  Experiments)  the  discharge 
was  made  under  water,  to  ensure  the  filling  of  the  tubes ; 
and  in  none  of  his  experiments  was  a  higher  co-efficient  of 
efflux  attained  than  0782  ;  understanding  by  the  co-efficient 
of  efflux  the  abstract  number  //  in  the  following  formula  (to 
be  used  in  this  paper) : 

!'■  =  r.     ^ (1) 

where  Q  is  the  volume  of  water  discharged  in  a  unit  of  time  ; 
h  the  "  head"  (or  vertical  distance  of  the  centre  of  the  dis- 
charging orifice  from  the  surface  of  the  still  water  in  the 
supply  tank  when  the  discharge  is  into  the  air,  or  the  difl:er- 
ence  of  level  between  the  surfaces  of  the  head  and  tail 
waters  when  the  discharge  takes  place  under  water) ;  while 
Whole  No.  \'ol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  iS 
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F  is  the  internal  sectional  area  of  the    discharging    end    of 
the  tube,  and  g  the  acceleration  of   gravity. 

The  special  feature  of  the  pipes  now  to  be  described  is 
that  they  enable  a  greater  discharge  to  occur  than  through 
an  ordinary  cylindrical  short  pipe  with  an  internal  diameter 
equal  to  that  of  the  widest  part  of  the  former ;  or,  to  express 
it  in  a  form  rather  paradoxical  to  the  uninitiated,  a  greater 
discharge  may  be  obtained  by  partially  filling  up,  in  a 
special  manner,  the  interior  of  a  short  pipe  originally  cylin- 
drical, than  with  the  same  pipe  before   this    encroachment 


Fig.  I. 

on  the  passage-way,  under  the  same  head.  Another 
way  of  putting  it  would  be  to  say  that  while  the  Venturi 
tube  as  previously  constructed  discharges  more  water  than 
the  inscribed  cylindrical  surface,  those  now  under  considera- 
tion discharge  more  than  the  c irc?( inscribed  cylindier. 

It  is  well  known  (see  p.  467  of  "  Hydromechanics,"  Encyc. 
Britan.)  that  when  a  pipe  conducting  water  includes  a  por- 
tion containing  a  smooth  and  gradual  enlargement  of 
sectional  area  (the  change  of  size  not  being  extreme,  not 
more  than  10  to  6,  say,  but  little  loss  of  head  occurs  on  this 
account  during  steady  flow  with   full  sections,  the  loss  of 
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kinetic  energy  being  made  good  by  a  (nearly)  equivalent 
gain  of  "  pressure  energy ,"  provided  that  the  discharging  end 
of  the  pipe  is  at  some  distance  away.  It  therefore  seemed 
probable  to  the  writer  that  a  considerable  portion  of  the 
loss  of  head  (about  one-third  of  the  total  head  in  such  a 
case )  occtirring  during  flow  through  a  short  cylindrical  pipe 
might  be  prevented,  and  the  discharge  correspondingly 
increased,  by  smoothly  guiding  the  stream  in.  its  enlarge- 
ment from  the  narrow  part  of  the  vciia  eontracta,  together 
with  filling  up  with  solid  material  the  space  around  the 
contracted  vein,  otherwise  occupied  by  eddying  water. 

The  three  tubes.  A,  B  and  C,  of  Fig.  /,  which  shows 
longitudinal  sections  through  their  axes  of  figure,  all  cross- 
sections  being  circular,  were  therefore  constructed ;  being 
made  of  brass,  and  with  smooth  internal  surfaces.  In  all 
three  tubes  the  sections  at  entrance  and  also  those  at  the 
discharging  ends  are  circles  of  one  inch  diameter,  while  the 
length  of  each  is  three  inches. 

Tube  A  is  an  ordinary  straight  cylindrical  tube. 

In  B,  the  internal  surface  follows  the  form  of  the  7'ena 
contractu,  as  it  would  occur  with  an  orifice  in  thin  plate, 
until  reaching  a  point  0*50  inch  from  the  plane  of  entrance, 
at  which  point  the  diameter  is  o-8o  inch,  following  AVeis- 
bach's  measurement  of  the  contracted  vein  (see  Coxe's 
Weisbach,  page  822),  while  in  the  next  half  inch  of  length, 
by  a  smooth  reversed  curve,  the  longitudinal  profile  regains 
the  original  full  diameter  of  one  inch,  the  remaining  two 
inches  of  the  tube  being  cylindrical. 

In  (',  as  in  B,  the  interior  is  made  to  fit  the  contracted 
vein  for  the  first  half  inch  of  length,  the  remainder  being 
conically  divergent  until  at  exit  the  diameter  is  one  inch.r 
The  junction  of  the  straight  line  and  the  curve  is  smoothly 
rounded  in  longitudinal  profile. 

The  Hydraulic  Laboratory  of  the  Civil  Engineering 
Department  at  Cornell  is  provided  with  a  hydraulic 
"regulator"  or  "pressure  chamber,"  consisting  of  a  strong 
cylinder  of  cast  iron,  one  foot  in  internal  diameter,  the  ends 
being  composed  of  two  discs  or  plates,  twenty  inches  apart 
(see  Fig.  2).     Each  of  these  plates  has  a  central   aperture, 
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2'25  inches  in  diameter  and  furnished  with  a  screw  thread. 
Into  the  aperture  at  one  end  of  the  "regulator"  is  fitted  a 
two-inch  supply  [)ipe,  onnecting  with  the  reservoir  main 
and  provided  with  a  valve  gate,  while  that  in  the  other  plate 
serves  as  a  nut,  or  socket,  into  which  may  be  inserted  any 
mouth-piece  or  pipe  with  which  it  is  desired  to  experiment. 
The  axis  of  the  "  regulator"  is  horizontal  and  by  proper 
management  of  the  valve  I',  in  the  supply  pipe,  a  pressure 
maybe  maintained    in  the  chamber  from   one  atmosphere 


Fig.  2. 


(absolute)  up  to  the  hydrostatic  pressure  due  to  the  reser- 
voir-head of  about  eighty  feet,  according  to  the  rate  of  flow 
permitted  to  take  place  and  the  size  of  the  attached  mouth- 
piece or  other  fitting.  This  internal  pressure  can  be 
measured  by  a  mercniy  manometer  of  the  U-f<^rm,  over  nine 
feet  in  height,  one  branch  of  the  tube  being  open  to  the  air; 
or,  when  small,  by  the  height  of  a  water  column  M,  in  a 
glass  tube;  connections  of  rubber  tubing  being  made  to 
pet-cocks  inserted  in  the  upper  side  of  the  "  regulator." 
The  internal  section  of  the  chamber  being  very  large,  com- 
pared with  that  of  any  pipe  or  mouth-piece  used  in  connec- 
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tion  with  it,  the  water  is  in  most  experiments  considered  to 
have  no  appreciable  "velocity  of  approach."  In  the  experi- 
ments with  the  short  pipes,  above  mentioned,  the  head  was 
measured  from  the  middle  of  the  pipe  section  to  the  top  of 
the  water  column  in  the  glass  tube  connecting  with  one  o£ 
the  pet-cocks,  the  air  originally  in  the  apparatus  having 
first  been  entirely  displaced  by  waier,  and  the  pipe  having 
been  screwed  into  the  socket  no  fiirther  than  necessary  to 
make  the  internal  vertical  plane  of  the  former  flush  with 
that  of  the  latter.  A  rubber  washer  of  proper  thickness 
prevented  leakage.     vSee  a,  Fig.  i. 

The  jet  flowing  from  the  pipe  was  received  in  one  end  of 
a  conductor  pipe,  properly  inclined,  from  the  other  extremity 
of  which  the  stream  could  be  allowed  to  run  to  waste  in  the 
drain,  or,  by  a  sudden  «hift,  to  empty  into  the  measuring 
tank.  The  latter  was  of  galvanized  iKm,  twenty  inches  deep 
and  two  feet  square  horizontally,  resting  on  the  platform  of 
a  Fairbank's  scale  of  400  pounds  capacity.  The  duration  of 
flow  was  observed  by  a  watch  ;  with  the  chance  of  an  error 
of  no  more  than  a  quarter  second,  probably,  in  each  experi- 
ment. Longer  times  of  flow  than  those  emploved  would 
have  diminished  the  importance  of  this  error,  but  a  limit 
was  set  by  the  size  of  the  measuring  tank.  For  a  similar 
reason  the  greatest  head  used  was  four  feet. 

Another  source  of  slight  inaccuracy  lay  in  the  fact  that 
the  pressure  in  the  reservoir  main  was  subject  to  frequent 
fluctuations,  producing  corresponding  oscillations  in  the 
water  column  in  the  glass  tube  serving  as  manometer.  In 
no  experiment,  however,  was  the  range  of  oscillation  more 
than  three  or  four  hundredths  of  a  foot  and  in  very  few  as 
much  as  that ;  the  average  position  of  the  column  being 
estimated.  As  already  stated,  the  discharge  took  place  into 
the  air.  The  end  of  the  tube  was  visibly  filled  in  each 
experiment,  and  the  temperature  of  the  water  was  about 
40°  F.  The  weight  of  the  water  in  the  tank  was  observed 
at  the  beginning  and  end  of  each  experiment,  readings 
being  taken  to  the  nearest  quarter  j)ound.  Assuming  a 
cubic  foot  of  water  to  weigh  62"5  pounds,  the  total  volume 
discharged  was  computed  in  an  obvious  manner,  as  well  as 
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the  volume  per  minute.  Referring  to  equation  ( 1 )  as  the 
basis  of  computation,  we  have  in  each  case  F  =  0005454 
square  feet ;  and 

y%  =  8-02 

(for  the  foot  and  second),  according  to  the  table  given  on 
p.  19  of  Mr.  Hamilton  Smith's  Hydraulics.  Hence  with  Q 
expressed  in  cubic  feet  per  minute,  equation  (1)  becomes 

J  Q  (in  cubic  feet  per  minute)  .^v 

60  X  •005454    y"  .S-02   ,   A  (in  feet) 

The  annexed  table  shows  the  results  of  the  experiments, 
both  as  to  observed  and  computed  quantities.  In  the  last 
column  are  given  the  averages  for  tj.  in  the  case  of  each  pipe 
under  two  feet  head  (approximately)  and,  also,  under  four 
feet  head,  to  show  the  influence  of  a  change  of  head.  The 
increased  discharge  given  by  tube  C  over  that  of  A  is  very 
marked;  while  the  performance  of  B,  notwithstanding  the 
fact  that  its  enlargement  of  section  is  much  more  abrupt 
than  with  C,  is  only  slightly  behind  that  of  the  latter,  which 
seems  to  show  that  the  filling-up  around  the  vena  contractu, 
a  feature  common  to  both  B  and  (\  is  the  most  essential 
coniiition  of  their  superiority  to  A. 

With  the  increased  facilities  of  a  new  laboratory  in  the 
special  building  now  in  process  of  construction,  it  is  hoped 
to  repeat  these  experiments  under  more  favorable  condi- 
tions, and  to  employ  a  much  greater  range  of  heads,  as  well 
as  a  variety  of  sizes  of  pipe. 
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DIFFERENTIAL    METHOD    of     COMPUTING 

APPARENT  PLACES  of  STARvS  for 

LATITUDE  WORK. 


By  Erasmus  D.  Preston,  Coast  Survey  Office,  Washington,  D.  C. 


\_Published  by  permission  of  the  Superintendent  of  the  L.  S.  Coast  and  Geodetic 

Survey?^ 

When  a  number  of  stations  have  been  occupied  during 
a  season  for  the  determination  of  latitude,  the  necessary 
reductions  of  the  stars  from  mean  to  apparent  positions 
requires  considerable  time.  With  a  view  of  accomplishing 
the  task  sooner,  as  well  as  making  the  work  much  less 
laborious,  and  at  the  same  time  having  an  accuracy  fully 
equal  to  the  requirements  of  the  case,  the  following  inves- 
tigation was  made.  Although  the  superiority  of  this 
method  is  most  marked  when  the  observations  only  extend 
over  three  or  four  days,  and  when  several  stations  with  long 
star  lists  are  to  be  reduced  at  one  time,  yet  in  any  case  it  is 
considerably  shorter  than  the  usual  logarithmic  method. 
Little  is  gained  by  observing  a  star  more  than  three  times ; 
and  with  the  improved  mean  star  places  now  available  and 
allowing  a  probable  error  of  observation  of  o"*50  for  an 
experienced  observer,  with  good  weather,  three  evenings 
work  will  reduce  the  uncertainty  of  the  latitude  to  about 
ten  feet.  So  that  this  method  may  be  employed  nearly 
always  with  great  advantage. 

The  usual  computation  of  the  apparent  places  of  stars 
for  the  dates  of  observation  may  be  abridged  in  two  ways : 
first,  in  using  Crelle's  tables  instead  of  making  the  ordinary 
four-place  logarithmic  computation :  and,  second,  after 
having  one  date  getting  a  neighboring  date  by  the  applica- 
tion of  differential  quantities  derived  from  the  usual 
formulae. 

If  we  consider  the  tabular  differences  of  the  quantities 
that  varv  with  the  date  as  the  differential  coefficients  of  the 
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quantities  with  respect  to  the  time  at  the  date  already  com- 
puted, we  have  the  following  formulae  as  representing  the 
change  in  declination  between  the  two  dates : 

—  g  d  G  sin  {G  -\-  a)  -]-  dg  cos  (G  -\    «) 
[ —  h  d  H  sin  {H  -\-  fi)  -\-  dh  cos  {H  '\-  a)]  sin  8 

dl  cos  d 

The  following  relations  exist  between  the  independent 
star  numbers  : 

G  =  tan~^ H  =  tan"^  — 

KA  D 

q  =  — — —  A  =    .  i  =:  C  ian  (o 

sm  G  sin  H 

Where  the  letters  have  the  signification  given  in  the 
American  ephemeris,  K  is  the  precession  constant 
20" -05  33. 

The  greatest  departure  from  a  uniform  change  for  a  five- 
day  period  in  B  and  A,  is  due  to  terms  depending  on  the 
moon's  longitude.  The  terms  depending  on  the  longitude 
of  the  sun,  of  the  moon's  ascending  node,  and  on  the  longi- 
tude of  the  sun's  and  moon's  perigees,  being  either  quite 
regular  for  a  five-day  period,  or  else  being  extremely  small. 
In  1887,  G  does  not  change  as  much  as  3°;  g  changes  less 
than  o"-5. 

The  tangent  of  //  varies  inversely  as  the  tangent  of  the 
sun's  mean  longitude.  Hence  H  varies  nearly  uniformly 
throughout  the  year,  changing  about  i  °  daily,  h  depends 
on  the  same  quantity  and  has  its  maximum  values  at  the 
solstices  and  its  minimum  ones  at  the  equinoxes.  For  a 
five-day  period  it  departs  little  from  a  uniform  change, 
/  varies  also  with  the  sun's  longitude  and  has  its  maximum 
with  the  minimum  h  and  incc  versa.  The  greatest  daily 
change  in  i  is  not  much  more  than  o"-io,  while  that  of  li 
is  very  much  less. 

The  value  of  G  is  in  general  principally  affected  by 
changes  in  terms  depending  on  the  sun's  and  moon's  longi- 
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tude,  and  on  the  longitude  of  the  moon's  ascending  node. 
The  latter  has  a  daily  motion  of  3'.  The  first  two  have  a 
daily  motion  of  about  1°  and  13°,  respectively,  tan  G 
varies  directly  as  B  and  inversely  as  A,  and  since  the  for- 
mer depends  on  the  cosines  and  the  latter  on  the  sines  of  the 
above  functions,  they  do  not  both  change  rapidly  at  the 
same  time.  At  90^  cos  ii  changes  0*005  in  five  days  and  the 
change  in  cos  2  ii  mav  be  neglected.  When  O  =45°,  cos  2  O 
has  a  change  of  0-087.  For  an  equal  period  and  position  c,08 
2  j)  changes  about  one  unit.  The  terms  in  which  these 
quantities  enter  will  therefore  vary  by  o""05,  o"-o5  and  o"-09, 
respectively.  Hence  the  greatest  change  in  B  comes  from 
the  change  in  the  moon's  longitude.  In  case  of  all  these 
changes  having  their  maximum  at  the  same  time,  and  tend- 
ing in  the  same  direction,  the  value  of  B  would  only  be 
changed  by  about  -^-^"(^  the  part  of  itself,  and  since 

d  tan~^  y  = 

1  +  .r 

the  change  in  G  dependent  on  B  will  not  be  more  than 
about  1°. 

The  longitude  of  the  moon's  ascending  node  does  not 
pass  through  90^  until  1890,  but  its  change  is  slow  compared 
with  that  of  the  others,  and  in  its  relation  to  B  we  need  not 
for  the  present  consider  its  effect  on  G. 

The  above  quantities  enter  A  as  a  sine  function 
with  coefficients  about  ^-^th  of  those  for  B,  but  the 
precession  factor  appearing  in  the  denominator  of  tan  G 
makes  the  changes  in  numerator  and  denominator  about 
equal  for  maximum  values  of  the  function.  But  G  being 
determined  by  its  tangent,  the  magnitude  of  its  changes 
depends  also  on  the  absolute  values  of  B  and  A — for  when 
B  is  small  a  given  change  in  A  has  very  much  more  influ- 
ence on  the  angle.  In  general,  we  mav  expect  changes  in 
G  of  less  than  a  degree  per  day. 

When  we  have  very  small  values  for  B,  as  in  1890,  and 
also  very  small  values  for  A,  as  in  May,  a  combination  of 
these  may  give  a  change  in  G  for  five  days,  amounting  to 
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30'-  or  more ;  but,  as  will  be  shown  later,  this  does  not 
render  the  method  inapplicable. 

When  B  has  its  largest  value,  G  does  not  change  more 
than,  say,  5°,  which  reduces  the  product  of  dg  by  r/  G  to  a 
quantity  leSs  than  o"*io,  and  when  d  G  is  very  large  dg  is 
small  enough  to  reduce  the  product  considerably  under 
o"-io,  so  that,  in  general,  we  may  estimate  the  neglected 
term  to  be  less  than  o"-io.  The  product  of  any  two  of  these 
differences  that  actually  occur  together  is  usually  only  a 
few  hundredths  of  a  second,  so  that  the  method  will  satisfy 
all  the  requirements  of  latitude  work. 

These  considerations  show  that  the  stars'  position  may 
be  derived,  with  all  necessary  accuracy,  by  the  application 
of  differential  quantities,  when  the  difference  between  the 
two  dates  is  not  more  than  five  days.  The  following  two 
forms  show  the  reduction  by  both  methods.  It  will  be 
noticed  that  the  method  by  differences  involves  only  about 
half  the  number  of  figures  used  in  the  logarithmic  method, 
besides  requiring  very  little  mental  labor. 


Star  289. — Method  isy  Logarithms. 


h.  fn.  S- 
3  II   40 

a 

0       ' 

47     55 
33     48 

9'7453 

C09& 
9-9196 

fi'-5 

gcos{G  4-  0) 

h  CO-i  {H  -  a) 

(■  <-os  S 

January  20th. 
—  0-45 

0     > 

'5'     5 
9-9422 
08751 
-7-50 

0     f 
19     9 

9'975:i 
1-0219 
•    10-52 

0-5408 

—  3'4 

January  I'ith . 
—  0-34 

148    .S9 
9'9330 

'     08499 

-708 

•4     15 
9-9864 
I  -0301 
-  10-72 

0-5995 
-3-98 

H 

log  u 
log  h 
logi 

\ 

January  zotk . 

103     10 

■?3'      '4 
09329 
i'^oi3 

0'62I2„ 

January  2^th. 

0         ' 

lOI          4 

326     20 
0-9169 
1-2984 
o'6799c 
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Star  2 

89 

— Method  by  Differences. 

«."  = 

A.  w.  J. 

3   "   43 

0", 

47     55 
33     48 

iG  +  a) 

(fl-+a) 

January  20th . 
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sin  (H  -  a) 
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gin  S 
cos  S 

0       ' 

151      5 
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0      ' 

19     g 

—  "'50 
10-51 

—  3'47 

January  2jth. 
+  -'5 
+  •27 

+  •56 

'12 
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—  SI 

—    0*46 
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6  = 
H  = 
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fl  = 

January  soth. 
0       ' 

103     10 

331      '4 

^    8-57 

20"0I 

-     4-. 8 

dG  = 

<l  H  = 

df)  = 

dh  = 

di  ^ 

~(idG  = 

—  f,dH  = 

—  "0367 

—  -085; 

—  y 

—  13 

—  61 

+  1-71 

EXPLANATION    OF   COMPUTATION. 

In  both  methods  the  quantities  below  the  double  line  are 
the  same  for  all  stars,varying  only  with  the  date,  and  are  there- 
fore written  but  onee  for  each  station.  The  first  computa- 
tion is  the  usual  logarithmic  one,  and  needs  no  explanation. 
The  second  is  by  Crelle's  tables  and  differences.  In  the  first 
column  are  the  natural  trigonometric  functions.  In  the' 
second  are  the  quantities  g  cos  (  G  +  a),  h  cos  (H  +  «i  s-in  d  and 
?  cos  o,  the  sum  of  which  is  the  reduction  to  apparent  place 
for  January  20th.  The  proper  motion  of  the  star  is  not  con- 
sidered in  comparing  the  two  methods.  The  third  column 
contains  the  products  of  the  constant  multipliers  by  the 
corresponding  sines  and  cosines  to  obtain  the  following 
quantities  of  the  differential  equations : 

—  g  (I   G  sin   {G  -\-  o)  +  dg  cos  {G  —   «) 

[ —  h  d   H sin  (//  -r  «)  -"-  dh   cos  {H  —  '/)]  sin   o 

di  cos  o 

It  should  be  stated  that  d  G  and  d  H  are  first  reduced,  to 
linear  quantities.     The  sum   of  this  last  column  emitting 
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the  two  middle  values,  gives  the  quantity  to  be  applied  to 
the  reduction  for  Januar}'  20th  to  obtain  that  for  January 
25th,  and  will  in  most  cases  be  found  to  be  correct  within 
one  or  two  hundredths  of  a  second. 

The  method  by  differences  is  considered  to  be  a  saving- 
of  about  one-half  the  usual  time,  besides  being  very  much 
easier,  as  many  as  thirty  pairs  being  computed  for  two 
dates,  in  about  seven  hours,  by  a  person  familiar  with  the 
method.  After  the  computation  of  the  first  date,  the  cor- 
rections to  be  applied  to  these  to  get  those  for  the  second 
date  were  found  in  two  hours.  But  in  order  to  work 
advantageously  each  step  is  taken  up  systematicallv  and 
carried  through  the  entire  number  of  pairs,  and  often  two 
steps  may  be  carried  along  simultaneously  where  the  multi- 
pliers are  single  or  when  the  tables  may  be  kept  open  two 
places  at  once.  Care  should  be  exercised  to  avoid  using 
more  places  than  are  necessary.  For  example,  in  the  direct 
computation  for  the  first  date,  three  figures  are  sufficient, 
except  where  h  enters.  It  is  not  considered  essential  to 
secure  exactly  the  fourth  place  here,  but  it  may  be  done 
with  Crelle's  tables  mentally,  and  with  very  little  labor,  bv 
taking  the  nearest  unit  in  the  third  place  and  applvino-  to 
the  product  the  algebraic  sum  of  the  unit's  place  bv  the' 
thousandths,  one  or  two  places  at  most  only  being  con- 
sidered. Informing  the  products  for  the  differences  two 
places  generally  need  only  be  retained. 

The  difference  of  o"'03  between  that  calculated  rigor- 
ously for  January  25th  and  that  derived  by  the  formulae  is 
due  to  the  fact  that  the  differences  have  been  treated  as 
differentials  and  not  as  finite  differences.  The  neglected 
product.  <//(,  d  H,  sin  (H  -  f/),  does  not  amount  to  more  than 
o''003  and  need  not  be  regarded  when  sin  d  is  as  much  as 
O'QO,  for.  as  a  rule,  stars  are  not  observed  above  65°  declina- 
tion. 

If  we  had  treated  the  difference  in  the  cosine  of  (i7-f  a) 
as  a  finite  difference,  using  the  formula, 

—  2  sin  (/'  +  Mr)  ^n  \  Ay 
mstead  of  —  sin  yd  y,  the  agreement  would,  of  course.  ha\-e 
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been  perfect ;  the  essential  points  in  the  method  being  that 
the  differences  are  considered  as  differentials,  and  the 
term  involving  the  product  of  the  differences  is  neglected. 

It  might  be  supposed  that  if  we  have  a  difference  of 
o"'03  in  the  position  of  a  star  for  a  difference  in  i/of,  say,  5°, 
that  this  discrepancy  would  amount  to  a  quantity  entirely 
inadmis.sible  in  the  case  of  G,  in  May,  1890,  where  the  dif- 
ference is  upwards  of  30° ;  but.  since,  when  these  excessive 
changes  in  G  occur,  B  is  necessai-ly  quite  small,  because 
the  longitude  of  the  moon's  ascending  node  is  near  90°,  the 
discrepancy  between  the  values  of  7  cos  (  G  -\-  «i.  calculated 
by  the  differential  formulae,  and  those  bv  actual  multiplica- 
tion, does  not  much  exceed  that  in  the  present  case  ;  in 
fact,  they  only  differ  by  o""05.  Indeed,  the  large  discrep- 
ancy in  the  present  case  is  due  to  the  fact  that  the  error 
committed  in  neglecting  the  formula  for  finite  differences 
must  be  multiplied  by  A,  which  increases  it  twenty-fold,  (j 
in  the  extreme  case  of  1890  is  o"'8,  hence  only  yV^^  ^^^  ^  ^*^^ 
this  case.  But  the  discrepancy  for  the  values  of  May, 
1890,  comes  from  another  source,  viz:  From  the  product  of 
the  two  differentials  dg  and  (/  G,  and  even  then  will  only 
occur  for  a  few  pairs  where  (  G  4-  «)  is  near  90^,  and  where 
the  sine  is  large.  It  will  be  noticed  that,  assuming  a  value 
for  [G  + «),  which  gives  the  most  rapid  change  in  the 
cosine,  also  gives  a  large  value  for  the  sine,  and  hence 
increases  the  value  of  the  term  dg  sin  (G  -j-  a)  d  G,  there  is 
a  combination  of  circumstances  tending  to  increase  the  dis- 
crepancy to  o"'o8.  This  must  be  regarded,  therefore,  as  a 
very  exceptional  case.  Whfen  we  consider  that  the  proba- 
ble errors  of  the  declinations  of  the  individual  stars  are 
several  times  as  large,  this  may  be  neglected. 

In  general,  the  errors  introduced  by  this  method  are 
quite  insignificant,  even  admitting  the  declinations  to  be 
absolutely  true,  for  errors  of  observation  will  much  exceed 
these.  Besides,  for  the  extreme  case  of  1890,  we  have 
assumed  a  value  for  {G  -\-  a),  which  would  give  the  greatest 
possible  change  in  the  cosine  for  the  change  in  ^t  under 
consideration;  that  is,  a  value  extending  from  about  85°  to 
105°.     Moreover,  since  this  term  depends  on  the  star's  ri^ht 
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ascension,  for  any  station  this  extreme  case  would  only 
apply  to  a  few  pairs  which  involved  values  of  {Q  +  «)  passing 
through  the  points  90°  or  270°  ;  no  night's  work  ever  last- 
ing long  enough  to  pass  through  or  even  near  them  both. 

When  the  observations  do  not  extend  beyond  five  days, 
the  last  date  is  derived  from  the  first  bv  differences.  For 
work  extending  over  a  period  from  five  to  fifteen  days,  the 
middle  date  is  actually  computed,  and  the  first  and  last 
obtained  by  differences.  Where  on  account  of  bad  weather 
observations  are  very  much  scattered,  it  is  better  to  make 
separate  computations  for  each  date.  Under  ordinary  cir- 
cumstances, three  successive  nights  are  all  that  are 
required,  which  involves  differences  in  the  star  numbers  for 
only  two  days.  In  this  case,  the  result  by  differences  will 
be  found  to  be  identical  with  that  of  a  rigorous  calculation. 
For  where  d  G  and  d  H  axe  about  2°,  and  d  g  and  d  h  one  or 
two-tenths,  their  product  does  not  affect  the  hundredths 
place ;  and  the  change  in  the  cosine  of  an  arc,  whether 
computed  as  a  differential  or  a  finite  difference,  is  practi- 
cally the  same  for  differences  of  arc  of  2°,  the  discrepancy 
never  amounting  to  a  unit  in  the  hundredths  place. 

Assuming  the  probable  error  of  observation  to  be  o"'50, 
which  is  about  the  usual  experience,  and  the  probable  error 
of  one  declination  to  beo"'30,  we  find  the  following  relations 
between  the  number  of  nights,  number  of  pairs,  and  the 
probable  error  of  the  mean  result. 


NUMBBK   OF 

Pairs. 
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of 

5 

xo                        15 
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as 

30 
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SPACING  THE  ELLIPvSE. 


By  Gkorge  B.  Grant,  Lexington,  Mass. 


I  have  frequently  found  it  necessary  in  the  course  of  my 
business,  which  is  specially  confined  to  the  making  and 
cutting  of  gear  wheels,  to  cut  the  teeth  of  an  elliptic  gear. 
Although  I  have  alwaj'S  used  the  greatest  care  and  have 
had  the  advantage  of  experience  and  the  best  of  tools,  I 
have  seldom  succeeded  in  actually  cutting  such  a  gear  to 
the  combined  satisfaction  of  myself  and  my  customer,  while, 
from  a  business  point  of  view,  nothing  but  a  price  that  is 
almost  prohibitory  will  make  an  order  for  such  a  gear  in 
any  way  desirable. 

The  difficulty  has  been  in  the  spacing  of  the  curve  so 
that  the  teeth  could  be  evenly  placed  and  give  a  smooth 
action.  The  usual  method  is  to  draw  the  curve  and  space 
it  with  the  dividers,  step  by  step,  and,  although  the  process 
is  simple  enough  to  describe,  it  is  exceedingly  clumsy, 
tedious,  and  inaccurate  in  operation. 

Realizing  that  the  only  impediment  to  the  general  use 
of  the  elliptic  gear  for  quick  return  motions  and  for  other 
variations  of  speed,  in  positions  where  its  simplicity  and  its 
"positive  action  makes  it  unrivalled  by  any  other  mechanical 
movement,  was  the  present  expense  of  producing  it  and  the 
poverty  of  the  usual  result,  I  undertook  the  construction  of 
a  special  machine  for  the  purpose.  I  had  no  difficulty  in 
designing  a  machine  that  would  keep  the  cutter  accurately 
in  the  elliptic  path,  but  it  was  only  after  a  long  search  and 
many  experiments  that  I  found  a  device  for  spacing  the 
elliptic  outline  that  would  serve  that  purpose  even  approxi- 
mately. 

The  result  of  my  search  was  the  device  here  described, 
and  it  can  be  easily  applied  with  a  degree  of  accuracy  that 
is  far  beyond  the  requirements  of  actual  practice. 

In  the  figure,  suppose  the  ellipse  to  be  described  on  the 
principle  of    the  common  trammel,  the  two  pins  a  and  h 
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being  confined  to  the  two  lines  OA  and  OB,  while  the  point 
p  draws  the  curve. 

Draw  an  index  circle,  /,  from  the  centre,  0,  of  the  ellipse^ 
and  let  its  radius,  OH,  be  equal  to  the  sum  of  the  radii,  OA 
and  OB,  of  the  ellipse.  Then,  if  the  line,  hap,  extended, 
accurately  spaces  the  index  circle  at  6,  it  will  also  space 
the  ellipse  with  an  accuracy  that  is  practically  perfect  for 
cases  that  are  in  use  for  elliptic  gears. 

To  show  the  accuracy  of  the  device  take  a  very  common 
■example.     Given,  an  ellipse  with  a  major  diameter  of  ten 


inches  and  a  minor  diameter  of  nine  inches,  with  seventy- 
two  teeth.  This  ellipse,  used  as  a  quick  return  motion, 
would  give  a  ratio  of  slow  stroke  to  quick  return  stroke  of 
more  than  three  to  one,  and  when  used  for  variation  of 
speed,  would  give  a  variation  of  fastest  speed  to  slowest 
vspeed  of  about  six  and  one-half  to  one.  It  is,  therefore,  a 
practical  example,  elliptic  gears  being  generally  much 
more  nearly  circular. 

For  this  example  the  errors  in  spacing,  although  theo- 
retically present,  are  practically  nothing.  The  chord  of  the 
Whoi.f    No.  Vot,.  CXXVII.— (Third  Series,  Vol.  xcvii.)  19 
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tooth  space  at  the  major  apex  A  is  "41433  inch,  while  that  at 
the  minor  apex  B  is  "41441  inch,  giving  an  error  of  about 
one  twelve-thousandth  of  an  inch.  The  greatest  error  is 
on  the  quarter,  at  ( ',  and  not  at  the  apices,  but  the  differ- 
ence between  the  greatest  and  the  least  tooth  spaces  is  not 
over  one  two-thousandth  of  an  inch. 

If  we  take  an  extreme  case  we  shall  find  a  greater  error. 
For  diameters  of  twelve  and  six  inches  and  seventy-two 
teeth,  which  would  be  wholly  useless  for  practical  purposes, 
the  greatest  error  is  still  very  small,  not  over  one-seventieth 
of  an  inch,  while  the  error  between  the  apices  is  still  prac- 
tically nothing. 

For  the  case  shown  in  the  figure,  an  ellipse  having 
diameters  of  eight  and  ten  inches  and  seventy-two  teeth, 
the  maximum  error  is  one  four-hundredth  of  an  inch.  This 
gear  will  give  a  ratio  of  greatest  to  least  speed  of  sixteen  to 
one,  while  as  a  quick  return  motion  the  ratio  is  more  than 
five  to  one. 

With  the  machine  now  being  made  I  confidently  expect 
to  be  able  to  cut  elliptic  gears  quite  as  accurately  as  I  can 
now  cut  circular  gears,  and  at  an  expense  that  is  but  little 
greater.  AVhen  the  elliptic  gear  can  be  well  and  cheaply 
made,  I  see  no  reason  why  its  use  should  not  be  increased 
ten-fold,  for  it  is  one  of  the  neatest  and  most  useful  of 
mechanical  devices. 


( 
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An  investigation  of  SOME  EXPERIMENTS  on  a 

CENTRIFUGAL  BLOWER  DELIVERING  AIR 

INTO  THE  ATMOSPHERE  at  LARGE. 


By  Chief  Engineer  Isherwood,  U.  S.  Navy. 


In  the  month  of  July,  1888,  Passed  Assistant  Engineer 
James  J.  Barry,  of  the  Corps  of  United  States  Naval  Engi- 
neers, made  an  extensive  set  of  experiments  on  a  vSturte- 
vant  centrifugal  blower  delivering  air  into  the  atmosphere 
at  large.  The  blower  was  sitnated  in  the  machine  shop  of 
the  New  York  Navy  Yard,  and  was  driven  by  an  inde- 
pendent oscillating  non-condensing  engine  articulated 
directlv  to  it.  It  received  its  air  from  the  still  atmosphere  of 
a  very  large  room,  and  delivered  its  air  into  the  same. 

The  writer  has  taken  from  Passed  Assistant  Engineer 
Barry's  experiments,  the  three  quantities  that  the  latter 
directly  determined  for  each  experimental  speed  of  blower, 
namely,  the  pressure  of  the  air  delivered,  the  velocity  of  the 
air  delivered,  and  the  number  of  revolutions  made  b_v  the 
blower  per  minute,  and  has  deduced  from  them  the  results 
which  will  be  found  in  the  following  pages,  adding  also  the 
necessary  dimensions  and  descriptions  of  the  blower  and 
apparatus,  in  order  that  the  reader  may  clearly  compre- 
hend the  conditions  and  limitations  of  the  trials. 

The  experiments  were  made  with  the  blower  driven  at 
velocities  varying  from  1,250  to  1,950  revolutions  per  minute. 
They  serve  within  their  limits  to  determine  the  velocity  in 
feet  per  minute  with  which,  at  different  rotary  speeds  of  the 
blower,  the  air  was  discharged  into  the  atmosphere.  Also, 
the  volume  and  weight  of  air  delivered  into  the  atmosphere 
per  revolution  of  the  blower,  and  whether  that  volume  and 
weight  were  affected  by  the  rotary  speed  of  the  blower,  and 
if  so,  in  what  degree.  Also,  to  ascertain  the  pressures  pro- 
duced by  the  impacts  of  the  discharged  air  at  different  veloc- 
ities, as  shown  by  the  respective  heights  of  the  columns  of 
water  equilibrated  bv  these  impacts  and  measured  between 
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the  water  surfaces  in  the  two  legs  of  a  U"ttibe.  Also,  to 
determine  the  law  connecting  these  heights  of  water 
columns  with  the  velocities  of  air  producing  them.  Also, 
to  determine  the  relation  between  the  velocity  of  the  centre 
of  the  surface  of  the  fans  or  blades  of  the  blower  and  the 
corresponding  velocit}'  of  air  discharge.  Finally,  to  deter- 
n*ine  the  powers  expended  in  producing  the  air  compres- 
sions and  discharges  at  different  rotary  speeds  of  the 
blower. 

The  oscillating  steam  cylinder  driving  the  blower 
exhausted  into  the  atmosphere,  and  its  piston  made  one 
double  stroke  to  each  revolution  of  the  blower.  The  indi- 
cated pressure  on  this  piston  could  not  be  ascertained,  owing 
to  its  great  reciprocating  speed.  The  diameter  of  the 
cylinder  was  2^  inches ;  the  diameter  of  the  piston  rod  on 
one  side  of  the  piston  was  y^  inch  in  diameter,  and  on  the 
other  side  |^f  inch  in  diameter;  the  stroke  of  the  piston  was 
i:^  inches.  The  mean  net  area  of  the  piston,  exclusive  of 
the  cross  areas  of  its  piston  rods,  was  3'4o65  square  inches; 
and  the  space  displacement  of  the  piston  per  stroke,  was 
4*258 1  cubic  inches. 

The  centrifugal  blower  consisted  of  six  radial  flat  fans 
or  blades  equispaced  about  their  axis  and  revolving  in  a 
cast-iron  case,  with  a  side  clearance  of  about  ^%-  of  an  inch 
wnde.  The  outside  diameter  of  the  fans  was  12^  inches, 
and  their  inside  diameter  was  seven  inches.  Each  fan  was 
connected  to  the  shaft  by  an  arm  averaging  f-inch  in  width. 
The  radial  depth  of  the  fan  was  therefore 


(1^ -.)... 


inches. 


Each  fan  was  a  regular  trapezoid ;  its  breadth  at  its  outer 
edge  was  3y\  inches,  and  at  its  inner  edge  3^  inches,  mak- 
ing its  area 

/  3y^+.3^  X  2-75  =  \  9-3671875  square  inches. 
The   aggregate   area  of  the  six  fans  was  56-203125  square 
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inches.  The  circumference  of  the  centre  of  surface  of  the 
fans  was  2-5387  feet. 

The  vertical  inside  diameter  of  the  case  was  1975  inches  ; 
the  horizontal  inside  diameter  of  the  case  was  i8J^  inches  ; 
the  inside  width  of  the  case  was  5^  inches,  with  an  inner 
reinforce  or  raised  edge  around  the  seven-inches  diameter 
opening.  The  outlet  for  the  air  delivery  was  cylindrical,  6-^-^- 
inches  in  diameter,  and  10  inches  in  length  measured  on  its 
axis  to  the  intersection  of  the  same  with  the  inside  circum- 
ference of  the  case.  The  area  of  the  air  delivery  was  30'o69 
square  inches  or  0'2o88i25  square  foot. 

The  axis  of  the  fans  was  not  coincident  with  the  axis  of 
the  case.  The  distance  between  the  outer  periphery  of  the 
fans  and  the  inside  of  the  case  on  the  vertical  diameter  of 
the  fans  was  275  inches  at  top  and  4*50  inches  at  bottom. 
The  distance  between  the  outer  periphery  of  the  fans  and 
the  inside  of  the  case  on  the  horizontal  diameter  of  the 
fans  was  2jL  inches  at  the  air-delivery  side  of  the  case  and 
3^  inches  at  the  opposite  side.  The  flat  sides  of  the  case 
were  parallel  and  connected  by  a  segmental  curve  of  33^ 
inches  radius.  The  cylindrical  air  discharge  was  horizontal 
and  its  bottom  was  tangent  to  the  bottom  of  the  cavSe.  In 
each  flat  side  of  the  case  was  a  circular  opening  of  seven 
inches  diameter,  the  one  opposite  the  other ;  the  centres  of 
both  were  coincident  with  the  axis  of  the  fan  shaft.  These 
openings  admitted  air  to  both  sides  of  the  fan.  The  fan 
shaft  was  one  inch  in  diameter  and  extended  entirely 
through  the  case,  the  journals  being  held  in  pillow  blocks 
outside  the  case.  Where  the  fan  shaft  passed  through  the 
air-receiving  openings  of  the  case,  it  was  sheathed  by 
couplings  of  \\  inches  outside  diameter,  deducting  the  cross 
area  of  which,  and  the  area  of  a  half-inch  wide  rib  extending 
downwards  from  it,  from  the  area  of  the  seven-inches 
diameter  air  opening,  there  remains  for  the  aggregate 
effective  area  of  the  two  openings  70-68  5  square  inches,  or 
2'35  times  the  area  of  the  air  delivery. 

The  side  edges  of  the  fans,  on  each  side  of  the  blower, 
were  joined  together  by  a  ring  of  sheet  iron  of  the  radial 
depth  of  the  fans,  and  the  latter  were  riveted  by  their  side 
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edges  to  these  two  rings,  so  that  the  air  which  had  once 
entered  between  any  two  fans  could  not  escape  sideways, 
but  had  to  be  delivered  at  the  outer  periphery  of  the  fans. 

Xine  sets  of  experiments  were  made  with  different 
rotary  speeds  of  blower.  The  increase  in  the  number  of 
revolutions  made  per  minute  by  the  blower  for  each 
succeeding  set  of  experiments,  was  by  as  nearly  equal 
increments  as  possible.  Each  set  consisted  of  twelve 
observations  of  each  quantity,  and  the  observations  were 
taken  at  five  minutes  intervals,  so  that  each  set  of  experi- 
ments occupied  one  hour. 

The  velocity  of  the  air  in  feet  per  minute  leaving  the 
blower,  was  obtained  from  a  very  sensitive  helicoidal 
anemometer,  well  placed  within  the  cylinder  for  the  air- 
delivery  and  resting  on  the  lower  side  of  that  cylinder,  so 
that  the  axis  of  the  anemometer  was  about  midway  between 
the  axis  of  the  cylinder  and  the  side  of  the  latter. 

The  number  of  revolutions  made  by  the  blower  per 
minute,  was  obtained  from  a  mechanical  counter  applied 
directlv  to  the  end  of  the  fan-shaft. 

The  pressure  corresponding  to  the  impact  of  the  air 
beino:  discharged  through  the  horizontal  cvlindrical  air- 
delivery,  was  obtained  by  directly  measuring  the  height 
between  the  water  levels  in  the  two  vertical  legs  of  an  open 
ended  glass  U-tube,  the  ends  of  which  were  bent  at  right 
angles  to  the  legs.  One  end  of  the  tube  was  inserted 
horizontally  well  into  the  cylindrical  air-delivery  about  mid- 
wav  between  the  axis  and  the  circumference  of  the  latter, 
while  the  other  end  remained  horizontallv  in  the  atmos- 
phere. The  temperature  of  the  atmosphere  being  75°  F., 
each  inch  high  of  water  column  was  equivalent  to  a  pressure 
of  0-036  pound  per  square  inch. 

The  observations  of  the  three  quantities  were  made  as 
nearlv  simultaneously  as  possible,  the  engine  running  at  a 
uniform  speed. 

The  pressure  due  to  the  impact  of  the  discharged  air 
varied,  during  the  experiments,  from  0'66  inch  to  i"6o  inches 
high  of  water  column  above  the  atmospheric  pressure, 
equivalent  to  0'02376  and  0'0576o  pound  per  square  inch. 
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A  collation  of  all  the  experiments  showed  that  this  pres- 
sure was  almost  exactly  in  the  ratio  of  the  square  of  the 
velocity  with  which  the  air  was  discharged.  The  experimen- 
tal pressures  denoted  by  the  U-tube  were  probably  a  little  too 
small,  due  doubtless  to  the  adhesion  of  the  water  to  the 
sides  of  the  U-tube.  AVhen  the  impact  pressure  is  as  small 
as  in  the  case  of  these  experiments,  the  pressure  equili- 
brating the  water  adhesion  to  the  sides  of  the  tube  may 
sensibly  affect  the  absolute  but  not  the  relative  results. 
The  experimental  determination  of  the  increase  of  the 
impact  pressure  of  the  moving  air,  in  the  ratio  of  the 
square  of  the  velocity  of  the  air,  is  in  conformity  with  the 
theoretical  deduction ;  twice  the  mass  of  air  in  equal  time 
moving  with  twice  the  velocity,  being  brought  to  rest  in  the 
U-tube,  when  the  velocity  of  the  discharged  air  is  doubled, 
quadruples  the  resulting  pressure. 

The  velocity  in  feet  per  minute  of  the  discharged  air, 
was  in  the  direct  ratio  of  the  rotary  speed  of  the  blower, 
showing  that  the  quantity  of  air  delivered  per  revolution  of 
the  blower  was  the  same  at  all  rotary  speeds  of  the  blower 
within  the  experimental  limits.  The  quotient  of  the 
division  of  the  velocity  of  the  discharged  air  in  feet  per 
minute,  by  the  number  of  revolutions  made  by  the  blower 
in  the  same  time,  is  a  constant  number. 

As  the  rotary  speed  of  the  blower  is  in  the  direct  ratio 
of  the  velocity  of  the  air  discharged  from  it,  and  as  the 
impact  pressure  produced  in  the  U-tube  is  in  the  ratio  of  the 
square  of  the  velocity  of  this  discharged  a,ir,  the  rotary 
speed  of  the  blower  is  in  the  ratio  of  the  square  root  of  the 
corresponding  impact  pressure.  Of  course,  the  velocity  of 
the  discharged  air  is  also  in  the  ratio  of  the  square  root  of 
the  corresponding  impact  pressure. 

A  collation  of  all  the  experiments  shows  that  the  velocitv 
of  the  discharged  air,  as  measured  by  the  anemometer,  was 
4,092  feet  per  minute,  when  the  blower  made  1,585  revo- 
lutions per  minute,  the  impact  pressure  in  the  U-tube  being 
at  the  same  time  equilibrated  by  a  column  of  water  one 
inch  high  at  the  temperature  of  75^  F.,  equivalent  to  a 
pressure    of    0'036   pound    per   square    inch.       From    these 
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quantities,  the  corresponding  similar  ones  can  be  calculated 
according  to  the  above  proportions  for  any  other  speed  of 
blower,  velocity  of  discharged  air,  or  pressure  in  the  U- 
tube. 

The  impact  pressure  in  the  U-tube  is  exactly  the  pressure 
within  the  blower-case  producing  the  velocity  of  the  dis- 
charged air.  Whatever  pressure  put  this  air  in  motion  with 
any  velocity  whatever,  that  air  will  exactly  reproduce  when 
brought  to  a  state  of  rest.  This  is  a  very  important  fact 
and  shows  that  the  air  pressure  within  the  case  at  the 
entrance  of  the  horizontal  cylinder  discharging  the  air  was 
exactly  equal  to  the  pressure  denoted  by  the  water  column 
supported  in  the  U-tube  by  the  impact  of  the  air. 

The  velocity  with  which  the  air  should  be  discharged 
into  the  atmosphere  under  the  pressure  of  0*036  pound  per 
square  inch  above  the  atmosphere,  can  be  calculated  as 
follows  and  compared  with  the  experimental  result.  Assum- 
ing the  air  employed  in  these  experiments  to  have  been 
three-fourths  saturated  with  aqueous  vapor,  to  have  had  the 
temperature  of  75°  F.,  and  to  have  been  under  the  standard 
atmospheric  pressure  of  I4*68757  pounds  per  square  inch,  it 
would  weigh  0"0736o785  pound  per  cubic  foot,  and  there 
results  for  the  velocity  of  such  air  into  vacuo 


(V 


114  68757  X  144 


0-07360785 


X  64  316078=  )  1359-7:379  feet  per  second. 


The  square  root  of  the  pressure  14-68757  pounds  per  square 
inch  is  3-8324,  and  the  square  root  of  the  pressure  0-036 
pound  per  square  inch  above  the  atmosphere  in  the  (J-ttibe 
is  0-19,  therefore  the  velocity  of  the  discharging  air  should 
have  been  (3-8324  :  0-19  :  :  1359*7379  :  )  67-4121  feet  per  sec- 
ond.    Experimentally  the  velocity  was 

[^^^  =)  68-7000  feet  per  second, 

a  remarkably  close  correspondence,  proving  the  accuracy  of 
the  experiments,  and  the  correctness  of  the  assumptions  on 
which  the  calculation  was  made. 
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The  number  of  cubic  feet  of  air  delivered  into  the  atmos- 
phere by  the  blower  per  minute  under  the  above  conditions, 
allowing  0'82  for  the  coefficient  of  discharge  through  the 
cylindrical  air-delivery  was 

(  '^Q-»^^  X  ^Q^-2   >^-  ^^-'^-^  =\  700-658, 
V  144  / 

or 

/^(^XV6o8       \  0-44205552  cubic  foot  per  revolution 
V    1585         /  ^ 

of  the  blower.  These  figures  are  equivalent  to  (700'658  X 
0-07360785  =  )  51-572529  pounds  of  air  delivered  by  the 
blower  per  minute,  or  to 

/51-572529 


1585 


:)  0-032537873  pound 


delivered  per  revolution  of  the  blower. 

As  each  cubic  foot  of  air  of  the  above  temperature  and 
proportion  of  aqueous  vapor  contains  0-0168621 54725  pound 
of  oxygen,  the  blower  delivered  (700-658  X  0-0168621 54725 
=  )  1 1  -8 14603605  pounds  of  oxygen  per  minute,  or  0-007454009 
pound  per  revolution. 

The  circular  velocity  of  the  centre  of  surface  of  the  fans 
of  the  blower,  was  (2-5387  x  1585  =  )  4023-8395  feet  per 
minute.  It  should  have  been  the  same  as  the  velocity  of 
the  discharge ;  namely,  4,092  feet  per  minute,  the  difference 
being  due  to  errors  of  observation  and  of  instruments. 

As  the  aggregate  fan  surface  of  56-203125  square  inches 
acted  against  the  air  pressure  of  0-036  pound  per  square 
inch  above  the  atmospheric  pressure,  the  blower  performed 
(56-203125  X  0-036  X  4023-8395  =  )  8141-484758344  foot- 
pounds of  work  on  the  air  per  minute,  equivalent  to  0-2467 1 1 7 
horse-power.  In  doing  this  work,  however,  the  power 
expended  by  the  engine  in  driving  the  blower  may  be  con- 
siderably greater  than  the  above,  if  the  pressure  of  the 
inflowing  air  against  the  back  of  the  fans  were  less 
than  the  quiescent  atmospheric  pressure,  consequently  the 
indicated  horse-power  developed  by  the  engine  cannot  be 
deduced  from  the  horse-power  exerted  by  the  fans  in  com- 
pressing the  air  against  which  they   act.     All  that  can  be 
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inferred  is  that  the  above  0-24671 17  horse-power  exerted  by 
the  fans  is  a  minimum  to  which  about  one-fifth  must  be  added 
for  the  engine  frictions,  making  tlie  indicated  horse-power 
not  less  than  about  0'3,  provided  the  atmospheric  pressure 
foUowed  with  its  full  effect  against  the  back  of  the  fans. 

The  area  for  the  delivery  of  the  air  was  30'o69  square 
inches  ;  the  velocity  with  which  the  air  was  delivered  was 
4,092  feet  per  minute ;  and  the  pressure  causing  this  velocity 
was  0'036  pound  per  square  inch  above  the  atmospheric 
pressure ;  hence,  the  work  done  upon  the  outgoing  air  was 
(30-069  X  0-036  X  4092  =)  4429-524528  foot-pounds,  or 

/4429-524528  X  100      x   _,  ^^^, 

(     8141-484758:344     =)  '"^'^^^^  P^^  ^^^^^^ 

of  the  work  done  bv  the  fans  upon  the  inflowing  air.  A 
considerable  portion  of  the  difference  is  doubtless  due  to 
regurgitation  of  the  air  compressed  in  the  case,  through  the 
3^2-inch  wide  clearance  space  between  the  blower  and  the 
side  of  the  case,  equal  in  the  aggregate  to  (3- 141 6  X  7  X 
0-1875  =)  4-12335  square  inches.  Also,  to  loss  of  vis  viva  by 
the  air  once  put  in  motion  by  the  fans,  and  then  brought  to 
rest  in  the  case  by  opposing  collisions,  and  requiring  to  be 
again  put  in  motion  before  escaping. 

If  the  quantitv  of  air  lost  by  regurgitation  be  taken  to  be 
in  the  direct  proportion  of  the  4-12335  square  inches  of 
opening  between  the  sides  of  the  blower  and  the  flat  sides 
of  its  case,  to  the  30-069  square  inches  of  opening  for 
delivering  the  air,  which  assumption  is  warranted  because 
the  pressures  producing  the  regurgitation,  and  the  air- 
delivery  are  equal,  then 

/     4  1-2335  X   IdO        \     ^^  ^^ 

(  40233^+^7069  =)  ^2-0o93  per  centum 

of  the  air  acted  upon  by  the  blower  was  thus  lost  by  a  mere 
mechanical,  but  inevitable  imperfection  of  the  blower  fitting. 
Adding  these  12-0593  per  centum  to  the  above  54-4071  per 
centum,  there  results  66-4664  per  centum  realized  of  the 
work  done  bv  the  fans  on  the  air,  or,  say,  two-thirds, 
leaving  one-third  of  the  air  acted  upon  by  the  fans,  as  the 
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fraction  of  that  air  brought  to  rest  in  the  blower-case 
after  having  been  put  in  motion  by  the  fans.  This  one- 
third  of  the  work  done  reappears  as  heat  in  the  air, 
and  is  promptly  lost  by  radiation.  Two-thirds,  then,  are 
the  true  efficiency  of  the  blower  as  a  furnisher  of  air, 
philosophically  considered,  supposing  the  inflowing  air  to 
act  with  atmospheric  pressure  against  the  back  of  the  fans. 
The  practical  efficiency,  however,  is  only  C  54-4071  X  0*82  =) 
44*6138  per  centum  under  the  same  conditions,  the  0*82  being 
the  coefficient  of  reduction  for  the  delivery  of  the  delivering 
cylinder  ;  and  if  the  power  applied  to  the  blower-shaft  by  the 
steam  cylinder  be  taken  as  unity,  the  practical  coefficient 
of  the  blower  cannot  exceed  thirty  per  centum. 

The  continuallv  changing  air  between  the  periphery  of 
the  blower  and  the  case,  mav  be  considered  to  be  com- 
pressed to  the  uniform  pressure  of  0'036  pound  per  square 
inch  above  the  atmosphere  by  the  centrifugal  action  of  the 
fans,  when  the  latter  made  1,585  revolutions  per  minute. 

The  number- of  foot-pounds  of  work  done  bv  the  out- 
flowing air  may  be  ascertained  by  using  the  data  in  another 
manner.  The  weight  of  air  delivered  per  minute  was 
51*572529  pounds,  and  with  the  velocity  of  4,092  feet  per 
minute.  The  height  through  which  a  body  must  fall  to 
obtain  that  velocity  is  71*9443  feet.  Now7i*9443  X  51*572529 
:=  3710*349498,  which  divided  by  the  co-efficient  of  discharge 
0*82  gives  4524-8164  as  the  number  of  foot-pounds  of  work 
done  per  minute  by  the  outflowing  air.  This  result  is  very 
nearly  the  same  as  the  above  4429*5245  foot-pounds  deter- 
mined from  the  pressure  and  velocity  of  that  air,  and  using 
of  course,  the  entire  air-delivery  orifice. 

The  lacunes  in  the  experimental  data  are  the  indicated 
power  developed  by  the  small  steam  cylinder  driving  the 
blower,  the  velocity  of  the  air  flowing  into  each  side  of  the 
case,  the  pressure  of  the  air  within  the  case  between 
the  periphery  of  the  blower  and  the  circular  side  of  the 
case,  and  the  temperature  of  this  compressed  air.  Never- 
theless, so  little  is  the  experimental  knowledge  possessed 
on  the  subject  of  centrifugal  air  blowers,  and  so  im- 
portant   is    such   knowledge  when   their  extensive    use    in 
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the  industrial  arts  is  considered,  that  the  experiments  of 
Past  x^ssistant  Engineer  Barry,  made  with  the  very  limited 
means  at  his  command,  have  great  value. 

The  experiments  in  question,  made  with  an  apparatus  of 
the  kind  and  dimensions,  and  in  the  manner,  and  within  the 
limits  described,  allow  the  following  generalizations  to  be 
drawn. 

(i)  The  quantity  of  the  same  air,  volume  and  weight, 
delivered  by  the  blower  per  revolution,  is  constant,  let  the 
number  of  revolutions  made  in  a  given  time  be  what  it  may. 

{2)  The  velocity  of  the  air  delivered,  is  in  the  direct 
ratio  of  the  number  of  revolutions  made  by  the  blower  in 
a  given  time. 

(3)  The  velocity  of  the  centre  of  the  surface  of  the  fans, 
is  the  same  as  the  velocity  with  which  the  air  is  delivered. 

(4)  For  any  number  of  revolutions  of  the  blow^er  in  a 
given  time,  the  air  pressure  above  the  pressure  of  the 
atmosphere,  reacting  against  the  surface  of  the  fans,  and 
existing  in  the  annular  space  between  the  periphery  of  the 
fans  and  the  circular  side  of  the  blower-case,  and  causing 
the  velocity  with  which  the  air  is  delivered,  is  equal. 

(5)  The  velocity  with  which  the  air  is  delivered  at  the 
outer  end  of  the  delivering  cylinder  is  the  velocity  due  to 
the  excess  of  the  air  pressure  at  the  inner  end  of  the  deliv- 
ering cylinder  above  the  atmospheric  pressure.  This 
excess  of  pressure  being  known,  the  velocity  can  be  calcu- 
lated, and,  vice  versa,  the  velocity  being  known,  this  excess 
of  pressure  can  be  calculated. 

(6)  The  velocity  with  which  the  air  is  delivered  at  the 
outer  end  of  the  delivering  cylinder  is  in  the  ratio  of  the 
square  root  of  the  above  excess  of  pressure.  Inversely,  the 
above  excess  of  pressure  is  in  the  ratio  of  the  square  of  the 
number  of  revolutions  made  by  the  blower  in  a  given  time. 

(7)  When  the  velocity  of  the  air  is  suddenly  extinguished, 
the  same  excess  of  pressure  above  the  atmosphere  is  repro- 
duced that  caused  the  velocity. 

(8)  The  work  done  by  the  fans  upon  the  inflowing  air  is 
measured  by  the  above  excess  of  pressure  per  square  inch, 
multiplied   by  the  aggregate  area  of  the   fans    in    square 
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inches,  and  bv  the  velocity  of  the  centre  of  surface  of  the 
fans  in  feet  per  minute.  This,  however,  is  b}'  no  means  the 
work  done  by  a  motor  driving  the  blower,  as  such  work 
must  include,  additionally,  the  difference  between  the  qui- 
escent atm.ospheric  pressure  and  the  pressure  of  the  inflow- 
ing air  against  the  back  of  the  fans,  and  the  friction  of  the 
motor. 

(9)  The  work  done  by  the  outflowing  air,  is  measured  by 
the  above  excess  of  pressure  per  square  inch,  multiplied  by 
the  cross  area  of  the  delivering  cylinder  in  square  inches, 
and  by  the  velocity  of  the  outflowing  air  in  feet  per  minute. 

( 10)  As  the  velocity  of  the  centre  of  surface  of  the  fans 
is  the  same  as  the  velocity  of  the  outflowing  air,  and  as  the 
pressure  above  the  atmospheric  pressure  produced  by  the 
fans  upon  the  air  is  the  same  as  the  pressure  producing  the 
velocity  of  the  outflowing  air,  the  work  done  by  the  fans  on 
the  air,  and  the  work  done  by  the  outflowing  air,  are  in  the 
direct  ratio  of  the  asfofreofate  area  of  the  fans  to  the  cross  area 
of  the  delivering  cylinder. 

(i  I)  The  number  of  cubic  feet  of  air  delivered  per  minute 
is  measured  by  the  cross  area  of  the  delivering  cylinder  in 
square  feet  multiplied  by  the  velocity  of  the  air  issuing 
from  that  cylinder  in  feet  per  minute,  and  by  0'82  for  the 
coeflicient  of  discharge. 

(12)  Of  the  entire  quantity  of  air  entering  the  blower  and 
put  in  motion  by  the  fans,  one-third  is  first  brought  to  rest 
within  the  blower-case,  after  which  it  is  again  set  in  motion 
by  the  fans  with  its  original  velocity. 

('  1 3)  The  theoretical  coefficient  of  the  blower  as  a  furnisher 
of  air  is  two-thirds,  including  the  air  leakage;  its  practical 
coefficient  does  not  exceed  thirty  per  centum. 

(14)  The  resistance  of  the  blower  is  as  the  square  of  the 
number  of  revolutions  made  by  it  in  a  given  time.  The 
power  required  to  drive  the  blower,  irrespective  of  the 
motor,  is  as  the  cube  of  the  number  of  revolutions  made 
by  it  in  a  given  time. 


-94  Obituary,  [j.  f.  I. 

OBITUARY. 


WILLIAM  PETTI T. 

\Vm.  Pettit,  deceased  upon  the  eighth  day  of  June,  \\ 
was  one  of  the  members  of  longest  connection  with  the 
Franklin  Institute,  having  joined  it  in  the  year  1837.  He 
was  born  in  the  year  1808,  in  Philadelphia  County,  near  the 
village  of  Falls  of  Schuylkill,  at  which  place  he  received  a 
common-school  education. 

At  a  suitable  age  he  entered,  as  one  of  their  first  appren- 
tices, the  workshops  of  Messrs.  Mason  &  Baldwin,  who,  at 
that  time,  were  engaged  in  the  manufacture  of  rolls  for 
calico  printers  and  small  machinerv'  of  a  general  kind.  From 
the  commencement  of  his  apprenticeship  he  remained 
throughout  the  several  changes  of  partners  and  of  location, 
made  by  Mr.  Baldwin  to  obtain  enlarged  facilities,  until  his 
final  establishment  at  Broad  and  Willow  Streets,  and  so 
grew  up  with  the  establishments  in  which  he  spent  his 
business  life,  until  an  accident  to  his  person  partially 
incapacitated  him  from  active  pursuits. 

At  an  early  period  of  their  connection  he  had  won  the 
confidence  of  his  employer  by  close  attention  to  duties,  and 
was  advanced  to  positions  of  responsibility  to  which  he  was 
fitted  b}^  skill  and  natural  ability.  ^Mechanical  drawing  was 
with  him  a  self-acquired  branch  of  the  machinists'  art,  and 
for  many  years  he  was  the  chief  draughtsman  of  the  works. 

During  an  early  period  of  his  service  (i  831)  there  was 
made,  from  descriptions  of  the  English  machines,  and  exhibi- 
ted in  motion  under  Mr.  Pettit's  charge,  at  Peale's  Museum, 
in  this  city,  a  working  model  of  a  locomotive  engine,  which, 
from  its  novelty,  was  an  attractive  object  to  the  public. 

The  first  practical  locomotive  of  American  construction, 
in  which  Mr.  Pettit  took  part,  was  built  soon  after  and  put 
upon  the  road,  and  others  followed  a  few  ^-ears  later.  A 
pair  of  horizontal  engines  were  built  from  Mr.  Pettit's 
drawings  and  placed  in  a  boat  intended  for  breaking  up  the 
ice  in  the  Delaware  River  to  permit  navigation,  and  f»r 
towing  during  the  winter  season. 


\ 
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A  vSatisfactory  trial  took  place  in  January,  1838,  under 
Mr.  Pettit's  charge.  They  were  the  most  powerful  of  their 
kind  at  that  time,  and  are  so  justly  proportioned  and  made 
to  endure  extremely  hard  service  that  they  are  still  fitted 
for  work  at  the  present  time,  after  a  life  of  half  a  centur\''s 
duration. 

Mr.  Pettit  was  a  born  mechanic  and  possessed  the 
excellent  judgment  and  knowledge  of  detail  so  necessan.^ 
to  the  full  equipment  of  the  mechanical  engineer,  and 
withal  was  modest  and  unassuming.  He  was  one  of  the 
few  to  whom  the  country  is,  indebted  for  their  labors  in 
developing  from  its  initial  state  the  locomotive  engine.* 

Washington  Jones, 
Samuel  R.  Marshall. 


REPORT  OF  the  committee  on    SCIE^XE  and  the 

ARTS. 


HEXAMER'S  FIRE  EXTINGUISHER  for  MALT  MILLS. 

[No.  1380.]  Hall  of  the  Franklin  Institute, 

Philadelphia,  September  2,  1887. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  Institute  of  the  vState 
of  Pennsylvania,  to  which  was  referred,  for  examination, 

hexamer's  fire  extinguisher  for  malt  mills, 
Respectfully  Report :  That  the  device  consists  of  the 
application  of  steam  under  pressure  as  a  fire  extinguishing 
agent,  which  is  directed  through  a  pipe  into  the  mill  box. 
A  stop  valve  outside  of  the  box  is  operated  by  a  lever  held 
up  by  a  weight,  the  weight  being  held  suspended  by  a  wedge 
or  pin.  To  the  wedge  is  attached  a  chain  which  is  con- 
nected to  a  door  on  the  side  of  the  mill  box.  The  force  of  the 
explosion  blows  open  the  door,  which  releases  the  wedge, 
causing  the  weight  and  lever  attached  to  fall,  which  in  turn 


*  Presented  at  the  Stated  Meeting  of  March  20,  1889.     Accepted  and 

rcfened  for  publication. 
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opens  the  valve,  letting  in  the  steam  to  the  mill  box  and  up 
through  the  conveyors.  To  check  the  downward  passage  of 
the  fire,  a  set  gauge  controls  the  flow  of  grain  in  quantity, 
causing  a  bank  of  the  material  always  to  be  in  the  hopper, 
thus  resisting  the  force  of  the  explosion  or  passage  of  fire 
downward. 

The  committee  were  aided  in  their  investigation  by  being 
afi;orded  an  opportunitv  of  seeing  the  device  as  attached  to 
several  breweries  in  our  city,  together  with  the  report  of 
successful  working  of  the  appliance  when  called  upon. 

A  full  description  of  the  apparatus,  with  copy  of  letters- 
patent,  accompanies  the  report. 

The  committee  recommend  the  award  of  the  John 
Scott  Medal. 

[Signed.]  Wm.  McDevitt, 

Samuel  H.  Needles, 
J.  M.  Emanuel. 
Adopted  Octobci-  J,  1S8/. 
[Signed.]  W.\l  D.  Marks,  Chairman. 


Contributions  to  the  Knowledge  of  the  Sugar  Group.  E.  Fischer 
and  J.  TafeL  Berichte,  22,  97  (From  the  Zeit.f.  ang.  Chemie). — The  authors 
have  prepared  a-acrose,  the  first  synthetic  representative  of  the  group  of 
sugars  belonging  to  the  hexan  series.  «-acrose  ferments  under  the  influence 
of  yeast  and  gives  all  the  characteristic  reactions  of  the  natural  sugars, 
dextrose,  laevulose  and  galactose.  It  does  not,  however,  affect  polarized 
light.  It  would  seem  probable  that  n-acrose  contains  a  normal  carbon  chain 
formed  by  the  condensation  of  two  molecules  of  glycerin  aldehyde.  This 
synthesis  is  the  first  successful  step  towards  the  artificial  preparation  of  the 
more  important  sugars.  The  authors  are  endeavoring  to  obtain  an  optically 
active  sugar  from  a-acrose.  S.  C.  H. 


On  Some  New  Tests  for  Tannic  and  Gallic  Acids.  By  S.  G.  Rawson 
(  CJiemicai  Xeivs,  o9,  52). — If  to  a  solution  of  tannic  acid,  containing  one  part 
in  20, coo  parts  of  water,  a  mixture  of  ammonium  hydroxide  and  ammonium 
chloride  be  so  added  that  the  solutions  do  not  mix,  a  white  precipitate  will  be 
formed  at  the  surface  of  contact.  One  part  in  50,000  parts  of  water  may  be 
detected,  if  great  care  be  taken.  Gallic  acid  yields  no  precipitate  under  like 
conditions,  but  at  the  surface  of  contact  a  greenish  ring  may  be  observed. 
This  coloration  may  be  seen  in  solutions  containing  one  part  in  100,000  parts 
of  water.  L.  B.  H. 
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PROCEEDINQS 


Chemical   Section, 


FwANKLIN     I.NSXITUTE. 


[Stated  Meeting,  held  at  the    INSTITUTE,    Tuesday,  March  ig, 

i88g.'] 

Hall  of  the  Franklin  Institute, 

PHiLAnELPHiA,  Marcli   19,  1889. 
Mr.  H.  Pemberton,  Jr.,  President,  in  the  Chair. 

Members  present:  Dr.  L.  B.  Hall,  Dr.  H.  W.  Jayne,  Dr.  E.  H.  Keiser. 
Dr.  H.  F.  Keller,  Dr.  Wm.  H.  Wahl,  Prof.  R.  L.  Chase,  Prof.  E.  F.  Sn,ith, 
Dr.  S.  C.  Hooker,  Messrs  Reuben  Haines,  T.  C.  Palmer,  W.  H.  Bower, 
Thos.  N.  Newbold,  C.  J.  Semper,  Jacob  Lichenheim,  W.  L.  Rowland,  F. 
Lynwood  Garrison,  W.  W.  McFarlan,  Dr.  W.  C.  Day,  and  three  visitors. 

The  revised  By-Laws,  which  had  been  laid  over  at  the  last  meeting,  were 
adopted  without  alteration. 

The  Treasurer  reported  that,  in  accordance  with  a  recommendation  made 
at  the  previous  meeting,  he  had  notified  certain  delinquent  members  of  iheir 
arrears;  as  a  result  arrears  were  made  good  in  one  case,  while  in  four  others 
they  were  not ;  the  Section  voted  that  the  names  of  the  four  delinquent 
members  be  dropped  from  the  list. 

Mr.  F.  Lynwood  Garrison  was  elected  a  member  of  the  Section. 

In  accordance  with  the  new  By-Laws,  Section  VII,  the  President  appointed 
Messrs.  W.  W.  McFarlan,  W.  H.  Bower  and  the  Secretary  members  of  the 
committee  to  transact  the  financial  business  of  the  Section. 

Upon  nomination,  in  accordance  with  the  revised  By-Laws,  Section  II, 
the  following  gentlemen  were  elected  members  of  the  "Committee  on 
Admissions":  Dr.  L.  B.  Hall,  Dr,  E.  F.  Smith,  Dr.  H.  F.  Keller,  Dr.  Wm 
H.  Wahl,  Dr.  S.  C.  Hooker,  Mr.  W.  L.  Rowland  and  Mr.  C.  J.  Semper. 

At  the  close  of  the  meeting  the  Committee  on  Admissions  notified  the 
Secretary  that  Mr.  Lee  K.  Frankel  and  Mr.  A.  W.  Allen  had  been  elected 
members  of  the  Section. 

Upon  the  motion  of  Dr.  Jayne,  it  was  voted  that  250  extra  copies  of  the 
revised  By-Laws  be  printed  for  the  future  use  of  the  Section. 
Whole  No.  Vol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  20 
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Mr.  T.  C.  Palmer  then  read  his  paper  on  "The  Testing  of  Logwood 
Extracts." 

Mr.  Palmer  remarked  that  he  wished  to  call  particular  attention  to  the 
statement  in  his  paper,  that  under  the  conditions  of  the  test  for  strength  of 
logwood  extracts,  with  which  the  paper  dealt,  the  compounds  of  tannin  and 
copper  oxide  were  nearly  or  quite  colorless.  This  difterence  in  behavior 
between  tannin  and  hceniatine  was  the  more  remarkable,  since  in  many 
other  respects  the  latter  acts  precisely  as  a  tannin.  This  is  even  true  with 
respect  to  its  action  on  hide  powder.  An  attempt  to  estimate  the  tannin  in  a 
pure  extract  of  logwood,  by  means  of  filtration  through  powdered  hide,  had 
resulted  in  an  apparent  showing  of  tw  enty  per  cent,  of  tannin,  which  loss  was 
evidently  due  to  an  absorption  of  the  haematine  by  the  hide.  In  fact,  the 
attraction  of  the  hide  for  the  coloring  matter  is  quite  as  strong  as  it  is  for 
tannin.  The  speaker  here  showed  a  column  of  hide  powder  deeply  colored 
by  the  passage  through  it  of  a  very  dilute  clear  solution  of  logwood. 

Mr.  Palmer  also  made  some  preliminary  remarks  on  the  faultiness  of  the 
tannin  process  of  Hammer,  as  modified  by  Procter,  giving  data  that  show  the 
amount  of  soluble  matter  in  hide  powder  to  depend  very  largely  on  the  time 
the  water  is  in  contact  with  the  hide,  /.  e.,  in  the  rate  of  percolation.  The 
hide  powder,  made  by  Schuchardt,  gave  to  water  an  extract  that  left  a  residue 
on  evaporation,  ranging  in  amount,  easily  oxidizable,  soluble  in  water,  and 
with  many  of  the  reactions  of  the  so-called  coriin.  The  one  fact  above  all 
that  showed  the  faultiness  of  the  process  of  Procter  was  that  this  residue, 
when  redissolved  in  water,  was  precipitated  on  addition  of  tannin  sotution. 
Thus  while  the  amount  soluble  in  water  could  be  only  roughly  estimated,  the 
amount  dissolved  out  by  the  tannin  solution  was  simply  unknowable,  since 
at  the  top  of  the  column,  where  the  tannin  is  in  abundance,  there  would  be 
no  dissolving  out  of  the  coriin,  but  as  the  liquor  trickled  down,  losing  tannin, 
it  would  dissolve  more  and  more.  The  speaker  stated  that  he  expected 
shortly  to  bring  before  the  Section  his  method  of  obviating  this  difficulty, 
retaining  hide  powder  as  the  absorbent  of  tannin,  but  obtaining  the  tannin 
strength  of  the  solution  before  and  after  filtration  by  an  expedient  that  ren- 
dered evaporation  of  solutions  or  specific  gravity  determinations  unnecessary. 

Dr.  S.  C.  Hooker's  paper,  "  On  a  Rapid  Colorimetric  Method  of  Accu- 
rately Determining  Nitrates  in  Potable  Waters,"  was  read  by  title. 

Dr.  E.  H.  Keiser  read  a  paper  "  On  the  Redetermination  of  the  Atomic 
Weight  of  Palladium."  The  following  is  an  abstract  of  this  paper,  which 
was  listened  to  with  much  interest,  and  was  afterwards  discussed  by  a  num- 
ber of  the  members  present : 

The  atomic  weight  of  palladium  has  not  been  determined  very  carefully. 
The  only  data  for  the  calculation  of  this  constant,  at  the  present  time,  are 
two  analyses  of  the  double  chloride  of  palladium  and  potassium,  made  by 
Berzelius  in  1828.  These  two  analyses  do  not  agree  very  well.  The  first 
one  gives  1057,  and  the  second  one  io6'2  for  the  atomic  weight  of  palladium. 

For  the  purpose  of  redetermining  this  atomic  weight,  metallic  palladium 
in  the  form  of  foil  was  dissolved  in  aqua  regia  and  the  solution  evaporated  to 
dryness.     The  palladium  chloride  was  then  dissolved  in  dilute  hydrochloric 
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acid  and  the  solution  was  filtered.  Ammonia  was  added  to  the  filtrate  until 
the  precipitate,  which  at  first  formed,  was  redissolved.  After  fihering  the 
solution  again,  to  remove  any  traces  of  ferric  hydroxide,  the  filtrate  was 
saturated  with  hydrochloric  acid  gas.  The  palladium  is  thus  precipitated  as 
palladium-diammonium  chloride,  Pd  (NH.;C1)2,  a  yellow  crystalline  compound 
which  is  insoluble  in  water  and  acids,  but  which  is  readily  soluble  in  dilute 
ammonia. 

The  yellow  precipitate  was  redissolved  in  dilute  ammonia,  and  the  solu- 
tion was  filtered.  If  any  rhodium  had  been  present  in  the  original  sample  of 
metallic  palladium,  it  would  have  been  separated  by  this  process,  because 
the  rhodium  diammonium  chloride  is  insoluble  in  dilute  ammonia.  The 
filtrate  was  thereupon  treated  with  hydrochloric  acid  and  the  palladium  diam- 
monium chloride,  thus  precipitated,  was  thoroughly  washed  with  distilled 
water,  until  all  ammonium  chloride  was  removed.  The  compound  was  care- 
fully dried  over  sulphuric  acid  in  a  partial  vacuum. 

The  compound  was  analyzed  by  weighing  off  portions  in  platinum  boats 
and  heating  up  in  a  current  of  pure  hydrogen.  At  a  low  temperature  the 
yellow  compound  absorbs  hydrogen,  metallic  palladium  and  ammonium 
chloride  being  formed. 

Pd  {NH,au  +  H,  =  Pd  +  2  NH,a. 
On  raising  the  heat,  the  ammonium  chloride  is  completely  volatilized  and 
spongy  palladium  remains  behind.  After  the  boat  and  its  contents  had 
cooled  off  somewhat,  the  hydrogen  stream  was  replaced  by  one  of  dry  air, 
and  the  boat  was  allowed  to  cool  off  completely  in  the  air.  By  this  means  i 
was  possible  to  avoid  the  retention  of  hydrogen  by  the  palladium,  and  as  the 
hydrogen  stream  was  not  displaced  by  air  until  the  temperature  of  the 
palladium  had  fallen  considerably  below  a  low  red  heat,  it  was  not  possible 
that  palladium  oxide  should  have  been  formed. 

Determination  of  Atomic  Weight  of  Palladium. 
I. — By  Ignition  of  PdNoHf,Cl«  in  current  i)f  hydrogen. 
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4. 
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•83260 
I  72635 
I '402  80 
i"57940 
1-89895 
1  "48065 
I  "56015 
1-82658 
£-40125 
1-10400 

■93310 

16-74583 


Weight 

of 
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■70670 
-79562 
■95650 
-74=170 
■78585 
-92C03 
1-20970 

■55629 
-47010 

8-43606 


Atomic  weight  =  106-35  H  =    1-      Maximum,  =  106459 
N  =  14-ot  Minimum,    —  ic6  292 


^1  =  35'37  Difference,  =     -167 
Atomic  weight  -^  106-62,  when  o  ~  16. 
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106-459 
1 06  410 
,0^-355 

Io6-j.)2 

106-321 
loc-292 
106-322 
106-^x7 

106-355 

106-400 
10C-3C6 
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The  foregoing  table  contains  the  results  of  all  of  the  determinations  that 
were  made. 

The  investigation  will  be  continued.  It  is  intended  to  make  a  series  of 
determinations  by  means  of  other  palladium  compounds. 

Prof.  E.  F.  Smith  followed  with  two  interesting  papers,  the  first  of  which 
was  entitled,  "Oxidations  by  Means  of  the  Electric  Current,"  and  the  second, 
"  On  the  Compound  CoiCl,,."  Both  papers  were  referred  for  publication  in 
the  Journal  of  the  Institute. 

In  connection  with  the  use  of  the  electric  current  in  determining  and 
separating  metals,  it  occurred  to  the  author  that  the  oxidizing  power  of  the 
current  might  be  utilized  to  convert  sulphur  and  other  elements  into  higher 
oxides,  thus  securing  them  in  forms  susceptible  of  ready  determination. 
Chalcopyrite  was  placed  in  a  nickel  crucible,  containing  fused  potassium 
hydroxide.  In  connection  with  the  positive  pole  ofa  battery,  a  heavy  platinum 
wire  from  the  negative  pole  was  introduced  just  under  the  surface  of  the 
fused  mass.  The  current  was  continued  for  ten  minutes,  when  the  contents 
of  the  crucible  were  dissolved  out,  filtered  from  insoluble  oxides,  acidified 
with  hydrochloric  acid  and  treated  with  barium  chloride,  when  it  was  found 
that  all  the  sulphur  contained  in  the  mineral  was  precipitated  as  barium  sul- 
phate. Comparative  experiments,  using  the  above  method  and  also  that  of 
oxidizing  with  nitric  acid,  gave  with  the  former  method  3235  per  cent. 
sulphur  in  a  specimen  of  chalcopyrite,  and  with  the  latter  method  32"54  per 
cent,  sulphur.     The  strength  of  the  current  used  was  one  ampere. 

Chromite  treated  in  the  same  way  as  chalcopyrite  yielded  a  little  more 
than  fifty-three  per  cent.  Cr20:j  in  a  specimen  which  an  older  method  of  deter- 
mination had  shown  to  contain  fifty-four  per  cent.  CrOj. 

Further  experiments  in  this  line  are  in  progress. 

The  second  paper,  by  Dr.  Smith  and  Dr.  H.  F.  Keller,  called  attention  to  a 
remarkable  compound  of  carbon  and  chlorine,  first  produced  by  Dr.  Smith 
in  1876,  by  the  exhaustive  action  of  chlorine  on  toluene  exposed  to  sunlight, 
first  at  the  boiling  point  and  then  in  the  cold.  Analysis  showed  ■iv\\  per 
cent,  carbon  and  786  per  cent,  chlorine.  The  substance  was  crystallized 
from  chloroform,  yielding  crystals  measuring  one-half  inch  in  length  and 
one-fourth  inch  in  breadth  and  apparently  orthorhombic. 

Crystals  of  this  compound  originally  melting  at  152  to  153°  C  were  pre- 
served for  twelve  years,  and  at  the  end  of  that  time  no  visible  alteration  had 
taken  place,  but  on  taking  the  melting  point  this  was  found  to  have  changed 
to  101°  C,  at  which  it  remained  constant  after  recrystallization  from  pure 
chloroform.  On  heating  a  portion  of  the  substance  in  a  test  tube  hydrochloric 
acid  was  evolved  ;  a  combustion  gave  228  per  cent,  carbon  and  3"2  per  cent 
hydrogen.  Work  is  now  going  on  to  prepare  the  chloride  again  and  to 
determine  its  vapor  density  as  well  as  to  study  some  of  its  derivatives.  The 
authors  wish  to  reserve  this  field  of  investigation  for  the  present. 

Dr.  Jayne  exhibited  some  specimens  of  commercial  anthracenes.  He 
stated  that  at  present  it  is  rarely  made  in  the  United  States,  as  there  was  no 
market  for  any  large  quantity  of  the  hard  pitch  which  would  be  obtained  in 
distilling  tar   for  anthracene  and  as  all  produced   would  have  to  be  sold 
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abroad,  it  was  only  made  by  a  couple  of  firms,  and  then  only  when  prices 
were  high. 

About  twenty  per  cent,  more  of  the  tar  was  distilled  off  than  when  soft 
pitch  was  made,  the  distillate  after  cooling  is  filtered  by  means  of  a  filter 
press.  The  resulting  soft  cake  contains  from  ten  to  fifteen  per  cent,  of 
anthracene,  depending  on  the  quality  of  the  tar,  the  temperature  of  the  oil 
and  the  pressure  employed  in  filtering.  This  is  then  generally  pressed  in 
hydraulic  presses,  the  percentage  of  anthracene  then  rising  to  about  twenty- 
five  to  thirty  per  cent.  This  can  be  still  further  increased  by  treating  with 
solvents,  coal  tar,  naphtha,  benzine,  creosote  oil,  etc.  The  impurities  partly 
dissolving  and  on  re-pressing  the  residue  an  anthracene  of  about  forty- five 
per  cent,  could  be  obtained.  Recently  it  has  been  proposed  to  use  as  a 
solvent  a  mixture  of  solvent  naphtha  and  the  pyridine  basis  of  coal  tar  ;  from 
such  a  solvent,  it  is  said,  anthracene  of  eighty  per  cent,  can  be  obtained  com- 
mercially. The  process  is  said  to  be  in  operation  in  Germany  in  two 
factories. 

The  crude  anthracene  is  not  generally  purified  further  by  the  tar  distillers, 
but  sold  as  such  to  the  alizarine  makers.  The  presence  of  any  quantity  of 
paraffines  renders  anthracene  unsalable,  as  it  interferes  greatly  with  the  sub- 
sequent treatments  in  the  alizarine  manufacture. 

In  England  they  are  classed  as  A  and  B  qualities. 

A  quality  is  an  anthracene  made  from  New  Castle  coal  and  is  more 
valuable  as  it  contains  less  paraffines. 

B  quality  is  made  from  Lancashire  and  Yorkshire  coals,  but  it  is  customary 
to  rate  all  anthracene  not  from  New  Castle  coal  as  B  quality,  without  further 
examination,  for  this  reason  American  anthracene  is  considered  of  B 
quality. 

It  is  sold  at  a  certain  price  per  unit  or  percentage  of  real  anthracene  it 
contains. 

For  instance,  the  present  price  in  London  is  about  thirty  cents  per  unit  per 
hundred-weight  for  A  quality  and  twenty-six  cents  for  B. 

Therefore  A  anthracene  of  forty-five  per  cent,  or  units  is  worth  30  X  45  or 
$13.50  per  hundred-weight  and  B  quality  $11.70. 

The  per  cent,  is  generally  determined  by  the  amount  of  anthraquinone 
produced  under  certain  conditions,  the  method  being  known  as  the 
"  Hoechst "  test.  A  weighed  quantity  dissolved  in  glacial  acetic  acid  is 
oxidized  by  a  solution  of  chromic  acid  in  acetic  acid.  The  resulting  anthra- 
quinone, after  washing  and  drying,  is  dissolved  in  sulphuric  acid  of  1  '88  on  the 
water  bath  and,  after  complete  solution,  precipitated  by  water,  and  weighed, 
then  burned  and  the  resulting  ash  deducted. 

Prof.  R.  L.  Chase  called  attention  to  an  article  on  the  industrial  use  of 
oxygen  in  bleaching  ;  he  was  requested  to  prepare  an  abstract  of  it  for  the 
Journal. 

Adjourned.  Wm.  C.  Day,  Secretary. 
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Ox    DI ACETYL   and   SOME    of   its    DERIVATIVES.* 


By  Harry  F.  Kei  ler. 


\^A  paper  read  before  the  Chemical  Section  at  the  Stated  Meeting,  February 

19,  1SS9.-] 

With  a  view  to  a  synthetic  formation  of  citric  acid, 
Fittig  and  Daimler  +  subjected  ethyl  oxalate  to  the  action 
of  ethyl  monochloracetate  and  zinc.  The  reaction  did  not 
take  place  in  the  desired  manner,  but  they  found  among 
the  products  the  ether  of  a  dibasic,  diketonic  acid,  which 
they  termed  ketipic  (diketoadipic)  acid.  From  the  reactions 
of  this  ether  it  appeared  highly  probable  that  the  structure 
of  the  acid  must  be  expressed  by  one  of  the  two  formulae : 

CO,CH,COOH         CO.CH^.COOH 
CO,CH.,COOH         CHo.CO.COOOH 

It  was  observed  that  upon  heating  the  acid  was  decom- 
posed into  carbonic  dioxide  and  a  yellow  volatile  liquid. 
At  the  suggestion  of  Professor  Fittig  I  undertook  the  study 
of  this  reaction,  in  the  hope  of  arriving  at  a  definite  conclu 
sion  in  regard  to  the  structure  of  ketipic  acid.  The  former 
of  the  two  formulae  given  above  proved  to  be  correct : 
ketipic  acid  is  readily  split  up  into  diacetyl  and  carbonic 
anhvdride  according  to  the  equation  : 

CO,CH.:.COOH  _  CO.CH:, 
CO,CH„COOH  ""  CO.CH;,  "^  ^^^-' 

Diacetvl  is  the  simplest  orthodiketone  of  the  fat  series, 
a  class  of  compounds  for  the  production  of  which  a  great 
many  fruitless  attempts  had  been  made.  Since  the  dis- 
coverv  of  its  formation  from  ketipic  acid,  diacetyl  has  been 
obtained  bv  two  other  reactions,  viz:  (i)  By  v.  Pechmann:}: 
on  treating  isonitroso  methvlactone  successivelv  with  acid 


*  From  the  Inaugural  Dissertation  for  the  Degree  of  Doctor  of  Philos- 
ophy, Strassbur?,  1888. 
t  Ber.,  20,  202. 
%  Ber  .  20,  3,162. 
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sulphites  of  the  alkalies  and  dilute  sulphuric  acid,  and  (2) 
by  L.  Wolff,"  who  found  that  it  was  formed  by  boiling  ;9-di- 
brom-laevulinic  acid  with  water. 

The  constitution  of  diacetyl  is  deduced  from  the  following 
facts : 

(i)  Its  empirical  formulse  is  CjH,.(X. 

(2)  It  combines  readily  with  two  molecules  of  phenyl- 
hydrazine,  of  hydroxylamine  and  of  hydrocyanic  acid.  It 
must,  therefore,  contain  twice  the  carbonyl  group. 

(3)  As  the  dicyanhydrin  yields  dimethyl  racemic  acid, 
the  two  carbonyl  groups  must  be  directly  united. 

Preparation. — In  order  to  obtain  a  sufficient  quantity  of 
diacetyl  for  investigation,  it  was  necessary  to  prepare  large 
quantities  of  ketipic  ether.  In  the  beginning  the  method 
described  by  Daimler  f  was  strictly  adhered  to,  while  later 
it  was  found  more  convenient  to  prepare  it  according  to  W. 
Wislicenus'  X  reaction  from  ethyl  acetate,  ethyl  oxalate  and 
metallic  sodium.  The  ether  was  converted  into  the  free 
acid  by  treating  it  in  the  cold  with  hydrochloric  acid,  satu- 
rated at  0° ;  small  quantities  of  it  that  had  escaped  saponi- 
fication were  removed  by  boiling  the  dry  powdered  product 
with  chloroform,  in  which  the  acid  is  insoluble. 

From  this  acid  diacet}'!  can  be  obtained  either  by 
destructive  distillation,  or  by  boiling  with  dilute  sulphuric 
acid. 

In  decomposing  ketipic  acid  in  the  dry  way,  it  was  found 
necessary,  for  obtaining  a  satisfactory  yield  of  the  diketone, 
to  distil  small  quantities,  not  exceeding  five  grammes  at  a  time 
and  to  heat  rapidly.  The  escaping  vapors  and  gases  were 
passed  through  a  U-tube,  provided  below  with  a  collecting 
bulb,  and  at  the  farther  limb  with  an  inverted  condenser. 
The  U-tube  and  bulb  were  placed  in  ice.  The  heating  is 
continued  until  white  fumes  cease  to  come  off.  In  the 
receiver  there  collects  a  liquid  which  consists  of  two  layers  ; 
the  upper  one,  which   is  of  an  oily  appearance,  is  almost 


*  Private  Communication. 

t  Inang.  Diss.,  Strassburg,  1886. 

+  Ber.,  20,  590. 
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pure  diacetyl,  and  the  lower  one  an  aqueous  solution  of 
it.  They  were  separated  by  means  of  a  tap  funnel,  and 
sodium  chloride  added  to  the  watery  solution.  Diacetyl 
and  very  little  water  passed  over  first  on  distillation.  The 
oily  layers  were  then  united,  dried  with  neutral  chloride 
of  calcium  and  fractioned.  The  by  far  greater  portion  dis- 
tilled over  between  85°  to  89°,  and  but  a  small  reddish- 
brown  residue  of  empyreumatic  odor  remained  in  the  bulb. 
The  distillate  showed  a  much  lighter  color  than  the  original 
product ;  it  was  again  treated  with  chloride  of  calcium,  and 
then  distilled  over  completely  between  87°"5  and  88°. 

The  decomposition  of  ketipic  acid  is  also  readily  effected 
by  heating  with  dilute  sulphuric  acid  (i :  10).  A  violent 
evolution  of  carbonic  anhydride  is  observed  when  the  liquid 
is  heated  to  near  its  boiling  point,  and  great  care  must  be 
exercised  in  regulating  the  temperature  in  order  to  avoid 
serious  losses.  The  aqueous  distillate  is  treated  as 
described  above. 

The  yield  never  exceeds  fifty  per  cent,  of  the  theory:  it 
is  about  the  same  for  both  methods. 

All  attempts  to  obtain  the  monocarboxylic  acid  of 
diacetyl  by  splitting  off  only  one  molecule  of  carbonic  acid 
were  unsuccessful. 

Diacetyl  is  a  mobile  liquid  of  an  intenselv  yellow  color 
and  characteristic  odor.  It  boils  without  decomposition 
between  87°-5  and  88^;  the  vapor  is  greenish  yellow,- 
resembling  chlorine.  Its  specific  gravity  is  6*9734  at  22^. 
It  is  soluble  in  four  parts  of  water  at  ordinary  temperature 
and  is  miscible  with  alcohol  and  ether  in  all  proportions. 

I.     o'2563  grms.  gave  o'53C7  grms.  COj  and  o*i632  grms.  HoO 
II.     o'2i5o       "         "     04390      "         "      "     o'i386     " 

Calculated  /or  Found. 

C^Ha'^o  /.  //. 

C  55-81  55-40  5568 

H  6-98  707  7-16 

Diacetyl  prepared  by  the  reactions  of  v.  Pechmann  and 
of  L.  Wolff  was  found,  on  comparison,  to  be  identical  in 
every  respect  with  that  from  ketipic  acid. 

Diacetyl  shows  all  the  reactions  which  are  peculiar  to 
the  ketones. 
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It  combines  with  the  acid  sulphites  of  the  alkalies  with 
the  evolution  of  heat.  The  compound  formed  was  not 
isolated,  as  it  did  not  cr\^stallize  out  of  the  solution  upon 
standing. 

When  sulphurous  anhydride  is  passed  into  an  aqueous 
solution  of  diacetyl,  its  smell  and  color  rapidly  disappear  ; 
nothing  can  be  extracted  from  the  solution  by  shaking  with 
ether.  No  sulphuric  acid  is  produced  by  the  reaction  and 
on  evaporating  the  liquid  over  sulphuric  acid  in  vacuo 
diacetyl  is  regenerated.  It  is  probable  that  a  loose  combi- 
nation of  the  diketone  with  SOj  exists,  which  breaks  up  as 
soon  as  the  excess  of  the  latter  is  removed. 


Osazonc  of  Diacetyl. 


CH3.C=N.NHQH, 


CH3.C-=N.NHC6H 


On  adding  2  mols.  of  phenylhydrazine  to  the  ethereal 
solution  of  I  mol.  of  diacetyl,  the  osazone  separates  out 
on  standing  in  the  form  of  beautiful  yellowish  needles. 
This  compound  is  insoluble  in  most  of  the  ordinary 
solvents,  soluble  with  difficulty  in  CHCI3,  somewhat  more 
readily  in  acetone,  and  in  boiling  benzol.  It  was  obtained 
pure  by  recrystallization  from  the  latter  as  a  light  yellowish 
powder,  melting  at  239°,  with  decomposition. 

I.     o  3017  grms  gave  0*8009  grms.  CO 2  and  o'i882  H2O 


II. 

02213     " 

0-5870 

" 

0-140 

I       " 

I. 

0-2579     " 

46-5  cc. 

N 

at 

17^-5  an 

d75i 

mm. 

II. 

0-2133     " 

39-2  cc. 

" 

jgO          ., 

750  mm. 

Calculated  /or 

Found. 

Cx^Hx.N. 

/. 

11. 

c 

72-18 

72-38 

72-32 

H 

6-76 

6-93 

7-03 

N 

2ro6 

21-02 

21-38 

Dioxim. 


CH3— C-=N— OH 


CH3— C=-N— OH 


This  compound  is  formed  by  mixing  aqueous  solutions  of 
diacetyl  and  of  hydroxylamine  hydrochloride,  which  has  pre- 
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viously  been  neutralized  with  carbonate  of  sodium.  It  is 
precipitated  white,  in  the  form  of  microscopic  needles.  It  is 
insoluble  in  water,  readily  soluble  in  alcohol  and  ether,  and 
melts  with  partial  sublimation  at  234^-5.  By  boiling  it 
with  dilute  sulphuric  acid,  diacetyl  is  again  produced. 
0-2380  grms.  crave  o'36o6  CO.,  and  0-1525  grms.  H..0 
0-2278      "  "     45-7  cc.  N  at  8°  and  759  mm. 

Calculated  for  Found 

C  41 '38  41'32 

H  6-90  7  I  I 

N  24-14  24-48 

A  compound  prepared  by  Schramm  -  in  the  laboratory  of 
V.  Meyer  several  years  ago,  was  found  to  be  identical  with 
this  dioxim,  after  a  redetermination  of  the  melting  point. f 
It  had  not  been  analyzed. 

D  ic)  'a  n  hydr  in.  — 

pTT         p    /   CN 

•~  I   \  OH 

p^       i   /  OH 
^^^—^  \  CN 

This  is  obtained  by  adding  diacetyl  to  an  excess  of 
prussic  acid  in  aqueous  solution.  The  mixture  is  gently 
warmed  for  some  time  and  then  extracted  with  ether.  On 
evaporation  of  the  latter,  the  nitrile  remains  in  the  form  of 
colorless  needles  or  prisms,  united  to  peculiar  dendritic 
shapes.  It  is  soluble  in  water,  alcohol  and  ether,  insoluble 
in  all  other  solvents.  It  is  very  hygroscopic  and  decom- 
poses when  heated  with  water.     It  melts  at  about  110°. 

0-3189  grms.  dried  in  the  desiccator  gave  57-9  cc.  N  at  19°  and  734  mm. 

Calculated  /or  Found. 

C^HiN.Oi 

N  2000  20-58 

Dime tJiyb' ace mic  A cid. — 

PTT      p  /  COOH 
^  -3^  I  \  OH 

pTT  p    /     OH 

^^z—^  \  COOH 


*  Schramm,  Ber.,  lO,  179. 

f  Private  communication  of  Professor  Meyer  to  Professor  Fittig. 
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Strecker  *  has  observed  that  racemic  acid  is  formed  upon 
"boiling  glyoxal,  prussic  acid  and  dilute  hydrochloric  acid. 
It  was,  therefore,  to  be  expected  that  diacetyl,  under  similar 
conditions,  would  give  dimethylracemic  acid. 

An  acid  of  the  composition  CgOgHig+H^O,  and  whose 
properties  closely  resemble  those  of  racemic  acid,  was 
obtained  by  slightly  modifying  Strecker's  method.  It  was 
prepared  in  the  following  manner :  The  finely  powdered 
crystals  of  the  hydrocyanide  were  placed  in  a  small  flask 
and  covered  with  concentrated  hydrochloric  acid  ;  it  passed 
slowly  into  solution,  but  on  standing,  colorless  crystals  were 
observed  to  separate ;  they  probably  represent  the  acid 
amide.  No  attempt  was  made  to  determine  their  char- 
acter, but  the  mixture  was  first  heated  and  then  the  hydro- 
chloric acid  evaporated  on  the  water  bath  ;  the  residue  was 
dissolved  in  water  and  the  solution  divided  into  two  equal 
parts.  Of  these  one  was  exactly  neutralized  with  K2CO3, 
and  boiled  ;  the  other  portion  was  then  added.  Upon  cool- 
ing, the  acid  potassium  salt — which,  like  that  of  tartaric 
acid,  is  difficultly  soluble — crystallized  out.  This  was  re- 
crystallized,  then  converted  into  the  neutral  salt  and  the 
solution  of  this  precipitated  with  acetate  of  lead.  The 
lead  salt  was  washed  with  water,  dried,  pulverized,  and  then 
suspended  in  water  and  decomposed  with  hydrogen  sulphide. 
On  evaporating  the  filtrate,  the  new  acid  crystallized  out  in 
large,  shining  prisms  and  plates.  These  have  the  habitus 
of  crystals  of  racemic  acid.  They  contain  i  mol.  of  H2O, 
but  do  not  effloresce  in  the  air.  The  acid  is  readily  soluble 
in  water  and  in  alcohol,  insoluble  in  ether. 

0*2494  grms.  of  air  dry  acid  gave  00227  grms.  loss  and  o"336i  CO.-  and 

0-1177  CO... 

Required  for  Found. 

^  3673  3675 

H  5'io  5-24 

H,0  9-18  9-10 

The  anhydrous  acid  melts  at  180°;  it  is  decomposed  at 
this  temperature.     Heated  on   platinum  foil,   it  is  decom- 


X  Zeitschrift  f.  Chem.,  1868,  216. 
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posed  and  completely  volatilized  without  leaving  a  trace  of 
carbon. 

Bottinger "  has  described,  as  dimethyltartaric  acid,  an 
acid  which  he  obtained  as  a  side  product  by  the  action  of 
zinc  upon  an  alcoholic  solution  of  pyruvic  acid.  It  showed  no 
tendency  to  crystallize,  undoubtedly  because  it  was  impure  ; 
its  salts  are  certainly  identical  with  some  of  those  described 
below. 

Potassiiivi  Salts. — The  neutral  salt  is  obtained  from  the 
acid  one  by  exact  neutralization  with  potassium  carbonate. 
It  is  quite  soluble  in  water,  and  crystallizes  in  needles. 

The  acid  salt,  CgH,,OgK,  the  preparation  of  which  has  been 
described  above,  is  readily  soluble  in  hot  water,  sparingly  in 
the  cold.  It  crystallizes  in  crusts  or  little  plates.  It  con- 
tains no  water  of  crystallization. 

02526  grms.  gave  01008  grms.  K..,S04. 

Required  for  Found. 

Ct,f-f'iOf,K 

K  1805  17-92 

Calcium  Salts. — CgH^OgCa  +  i^  HO.f  Chloride  of  calcium 
throws  down  from  solutions  of  the  neutral  salts  of  the  alka- 
lies a  white  crystalline  precipitate,  insoluble  in  water  and 
acetic  acid. 

o  2653  grms.  lost  on  heating  to  215-220°  o'0282  grms.  HoO,  and  gave  o'i483- 

grms.  CaS04. 


Calculated  /or 

Found. 

C(,Hf,0(,CaV\VzH„0 

H,0 

irii 

IO'64 

Ca 

16-46 

16-43 

Barium  Salt. — CgH^OgBa  +  H^O.  Although  quite  as 
insoluble  as  the  calcium  salt,  this  is  not  precipitated  imme- 
diately by  barium  chloride  or  acetate,  it  separates  out  com- 
pletely, after  some  tinie,  in  the  form  of  small  needles,  which 

*Annaten,  18**,  315. 

f  Both  the  Ba  and  Ca  salt  were  dried  in  the  desiccator  before  they  were 
analyzed ;  for  this  reason  the  Ba  salt  was  found  to  contain  less  H^O  than 
Bottinger  determined. 
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are  generally  grouped   around    a    common   centre.     It  con- 
tains 2  mols.  of   water,  which  are  driven  off  at   160^. 
0-2046  grms.  gave  o'02i  1°  loss  and  0-1364  grams  BaS04. 

Required  for 
C^M^OtBa  -.-  2H,0  Found. 

Ba  39-25  39-19 

H.,0  10-32  10-31 

The  lead  salt  is  precipitated  in  the  form  of  a  voluminous 
precipitate  on  adding  lead  acetate  to  the  neutral  potassium 
salt  solution.  It  is  likewise  insoluble  in  water  and  in  acetic 
acid.     From  acid  solutions  it  is  obtained  in   small   needles. 

In  addition  to  the  reactions  described,  the  solution  of 
potassium  dimethylracemate  gives  the  following:  ZnSO^ 
produces  a  white  amorphous  precipitate,  insoluble  in  water 
and  dilute  acetic  acid.  AgNOa  in  concentrated  solutions 
gives  a  white  curdy  precipitate.  With  ammoniacal  silver 
solutions  a  metallic  mirror  is  formed,  especially  on  warming. 

HgCL  throws  down  a  white  precipitate. 

CuvSO^  is  colored  deep  blue  by  the  solution  ;  the  liquid 
remains  clear  on  adding  alkalies. 

Ferric  chloride  produces  a  voluminous  yellowish  brown 
precipitate. 

Halogen  Derivatives  of  Diacetyl. — Bromine  acts  upon  dia- 
cetyl  but  slowly  in  the  cold  ;  on  warming  two  atoms  of  hydro- 
gen are  replaced.  Dibromdiacetyl  is  best  prepared  by  adding 
bromine  dissolved  in  CvS.  or  CHCI3  to  a  similar  solution  of 
the  diketone,  until  the  red  color  no  longer  disappears  on 
heating  in  the  water  bath.  The  solvent  is  then  distilled  off 
and  the  residue  repeatedly  crystallized  from  carbon  disul- 
phide  and  from  petroleum  ether.  Thus  obtained  it  forms 
yellow  leaflets  of  a  waxy  lustre,  melting  at  117°.  It  is 
soluble  in  ether,  carbon  disulphide,  chloroform  and  petro- 
leum ether. 

I.   0-2  grms.  gave,  after  treating  with  Na  amalgam,  0-3083  grms.  AgBr. 
n.    02 '      boiling      "     NaoCO.i  solution,  0-3079  grms.  AgBr. 

Calculated  for  Found. 

ClH^Br^Oi  I.  II. 

lir  65-57  65-59  65-51 

It    is    probable    that    the    two    atoms    of    bromine    are 
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attached  to  two  different  carbon  atoms,  as  the  action  of  Br 
does  not  seem  to  proceed  any  further,  even  when  a  large 
excess  is  added. 

Monoclilordiacetyl. — By  the  action  of  chlorine  upon  diacetyl 
in  the  sunlight,  a  thick  oily  liquid,  possessing  the  color  of 
diacetvl  and  a  pungent  smell,  was  obtained,  it  did  not  crys- 
tallize at  —  12^.  Its  boiling  point  is  about  150^.  Sodium 
carbonate  solution  decomposes  it,  especially  on  heating. 

05656  grms.  gave,  after  treating  with  Na.jCO.,,  o'6566  grms.  AgCl. 

Required  for  Found. 

CiH:,0<,_a 

CI  2946  2872 

The  further  study  of  the  halogen  derivatives  of  diacetvl 
is  being  proceeded  with. 

Metallic  Coviponnds. — When  diacetyl  is  added  to  a  solu- 
tion of  silver  nitrate  with  just  enough  ammonia  to  hold  the 
oxide  of  silver  in  solution,  metallic  silver  is  precipitated, 
sometimes  as  a  mirror  upon  the  glass;  if  on  the  other 
hand  a  large  excess  of  ammonia  be  used,  a  voluminous 
white  precipitate  is  formed,  even  in  extremely  dilute  solu- 
tions of  the  diketone.  A  similar  precipitate  forms  in 
ammoniacal  solutions  of  cuprous  chloride. 

After  drving  them  at  100°,  these  substances  were  analyzed 
with  the  following  results  : 

Ag  compound  : 

I.  0234   grms.    gave   o'2874   CO;  and  0-892  H.jO  and  o"ii53  Ag. 


///. 


49-04 


II.  0-2368 

"      0-289^ 

>   CC 

).j  and  00923  H.jO 

III.  0-294 

"      0-144 

2Ag 

Required  far 
Co  //«  A'.,  Ag 

Foumi. 
I.                    II. 

c 

33-18 

33'46        33-37 

H 

4-14 

4-23          4-33 

Ag 

4977 

49-28 

Copper  covipoiind  : 

I.  0-2123 

grms.  gave  0-3216 

COo 

and  0-1030  HjO 

n.  0-4335 

"      58-6  cc 

N  at  15-3°  and  755  mm 

III.  0-2008 

"         "       0-091 

CuO 

Required  for 

Found. 

I.                II. 

c 

41-86 

41-39 

H 

5-23 

5-35 

N 

16-27 

16-32 

Cu 

36-62 

///. 


36-14 
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These  compounds  are  quite  stable  ;  at  high  temperatures 
they  are  decomposed  with  formation  of  acetamide. 

They  are  evidently  salts  of  the  trimethyl  glyoxaline, 
discovered  by  v.  Pechmann."-  This  was  proved  also  by  pre- 
paring the  hydrochloride  of  the  base,  by  decomposing  the 
salts  with  hydrochloric  acid  and  evaporating  the  filtrate. 
The  residue  was  recrystallized  from  alcohol-ether. 

o'2275  grms.  gave  o'zzig  AgCl 

Calculated  /or 

C;  Ni„  N.2  HCl  Found. 

CI  24-38  24-13 

The  free  base  was  liberated  with  sodium  carbonate  and 
extracted  with  ether.  Recrystallized  from  a  mixture  of 
ether  and  ligroin,  it  forms  small  white  needles  which  have 
a  bitter  taste  and  melt  at  130  or  131°. 


On  the  compound  a,CI,,. 


By  Edgar  F.  Smith  and  Harry  F.  Keller. 


\_Read  at  the  Stated  Meeting  of  the   Chemical  Section,  March  ig,  iSSg.'] 

In  1876,+  one  of  us  (S.)  described  a  compound,  containing 
onlv  carbon  and  chlorine.  It  was  obtained  by  the  exhaust- 
ive chlorination  of  toluene  exposed  to  sunlight,  first  at  the 
boiling  temperature  and  then  in  the  cold.  Several  analvses 
of  the  purified  product  showed  the  presence  of  21-40  per 
cent,  carbon  and  78-6  per  cent,  chlorine.  The  only  solvent 
employed  at  the  time  was  chloroform,  and  from  such  a  solu- 
tion crystals,  measuring  one-half  inch  in  length  and  one- 
fourth  inch  in  breadth,  were  obtained.  The  forms  were 
apparently  orthorhombic.  The  melting  point,  taken 
after  each  of  a  series  of  re-crystallizations,  remained  con- 
stant at  1 52^-153°  C.  To  this  rather  interesting  derivative 
the    improbable    formula     C.^Cl.^r,   was    ascribed.     Xascent 

*  Ber.  21,   141 1. 

t  Dissertation.  Goettingen,  1876;  JahresbeHcht,  1877,  p.  421  ;  Avi.  Phil. 
Sac,  17,  p.  29. 
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"hydrogen  acted  with  difficulty  upon  it.  After  an  exposure 
of  two  months  to  the  influence  of  zinc  and  sulphuric  acid,  it 
was  scarcely  changed,  inasmuch  as  an  analysis  of  the  pro- 
duct gave  2 1  "69  per  cent,  carbon,  7776  per  cent  chlorine  and 
one  per  cent.  h\drogen. 

Nothing  further  was  done  with  the  compound  until  about 
five  vears  later,  when  a  portion  of  it  was  treated  in  a  sealed 
tube  with  an  excess  of  aniline  (yAm.  Cliem.  Jour.,  vol.  i,  p. 
1 50).  By  this  treatment  a  base  w^as  formed,  melting  at  230° 
C.     Its  hydrochloric  acid  salt  was  analyzed. 

Crvstals  of  the  original  compound,  in  its  purest  condi- 
tion, were  preserved  for  twelve  years  without  undergoing 
anv  visible  alteration,  and  it  was  but  natural  that  we  should 
be  surprised,  on  fusing  some  of  this  same  material,  to  find  it 
melting  at  101°  C.  This  melting  point  remained  constant, 
even  after  re-crystallization  from  pure  chloroform.  On  heat- 
ing a  portion  of  the  substance  in  a  test  tube,  we  observed 
that  hvdrochloric  acid  gas  was  evolved.  A  combustion 
gave  22"8  per  cent,  carbon  and  2*2  per  cent,  hydrogen.  A 
vapor  density  determination  was  carried  out,  but  as  we  had 
evidence  of  decomposition,  we  place  no  reliance  on  the 
result.  Every  possible  precaution  was  observed  in  the  com- 
bustion, in  order  that  we  might  arrive  at  the  trae  hydrogen 
percentage,  and  that  given  above  would  indicate  but  slight 
change  from  the  original  constitution.  Work  is  now  being 
prosecuted,  with  a  view  of  obtaining  the  carbon  chloride, 
when  it  is  proposed  to  pay  especial  attention  to  the  solution 
of  its  molecular  formula  and  to  the  study  of  some  of  its 
derivatives.  We,  therefore,  request  those  who  may  have 
entertained  the  idea  of  investigating  this  compound  to 
postpone  their  work,  and  leave  the  field  to  us  at  least  for  a 
few  months. 

University  of  Pexxsvlvama, 
Philadelphia,  March  15,  1S89. 
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OXIDATIONS    BY    MEANS    of    the    ELECTRIC 
CURRENT. 


By  Edgar  F.  Smith, 


\_Read.  at  the  Stated  Meeting  of  the  Chemical  Section,  March  ig,  iS8g?\^ 

In  using  the  electric  current  for  the  determination  and 
separation  of  metals,  it  occurred  to  me  that  its  oxidizing 
power  might  be  utilized  to  convert  sulphur  and  other  ele- 
ments into  higher  oxides,  thus  bringing  them  into  forms  in 
which  they  could  be  readily  determined.  To  test  this  I 
undertook  the  oxidation  of  the  sulphur  in  chalcopyrite  after 
the  following  manner :  About  ten  grammes  of  solid  potassium 
hydroxide  were  placed  in  a  small  nickel  crucible,  and  care- 
fully heated  over  a  Bunsen  burner  until  the  water  was 
expelled,  when  the  flame  was  reduced,  so  that  its  heat  was 
just,  sufficient  to  retain  the  alkali  in  liquid  form.  The 
crucible  was  put  in  connection  with  the  positive  pole  of  a 
battery,  and  the  powdered  mineral  placed  upon  the  alkali. 
A  heavy  platinum  wire,  from  the  negative  pole,  extended 
just  under  the  surface  of  the  fused  mass,  and  when  the 
current  was  passed,  a  lively  action  ensued,  accompanied  with 
considerable  spattering.  Loss  was  prevented  by  placing  a 
perforated  watch  crystal  over  the  crucible.  When  the 
action  had  continued  for  ten  minutes  the  connection  was 
broken,  the  crucible  and  its  contents  allowed  to  cool,  placed 
in  a  beaker,  covered  with  water  and  warmed  upon  an  iron 
plate.  On  filtering  off  the  insoluble  oxides,  the  filtrate  was 
blue  in  color,  due  to  a  little  copper.  The  liquid  was  acidu- 
lated with  hydrochloric  acid,  and  care  taken  to  detect  any 
hydrogen  sulphide  or  sulphur  dioxide,  which  are  always 
present,  when  the  oxidation  of  the  sulphur  is  incomplete. 
In  this  particular  case  all  the  sulphur  was  changed  to 
sulphuric  acid,  and  removed  as  barium  sulphate.  When 
^  ignited  the  latter  presented  a  perfectly  white  appearance, 
showing  not  the  slightest  trace  of  iron. 

Having  succeeded  so  well  with  the  first  portion  I  weighed 
Wholf.  No.  Vol.  CXXVII.— (Third  Series.  Vol.  xcvii.)  21 
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off  '1734  gramme  chalcopyrite,  subjected  it  to  a  like  treat- 
ment, and  obtained  •4086  gramme  BaSO^=  '0561  gramme  S  or 
32*35  per  cent.  S.  One  of  my  students  oxidized  another  por- 
tion ('5  gramme)  of  the  same  material  with  nitric  acid  and 
potassium  chlorate,  and  obtained  32*54  per  cent,  sulphur. 

The  current  used  above  registered  one  ampere  ( 10*45  cc. 
H-O  gas)  per  minute  as  it  passed  through  the  fused  alkali. 
The  solution  containing  the  potassium  sulphate  contained 
no  iron.  A  little  copper  was  present  in  it.  The  residue  of 
oxides  (Fe^Og,  CuO,  etc.)  should  dissolve  readily  and  com- 
pletely in  warm  hydrochloric  acid.  There  may,  however  be  a 
residual  mass,  red  in  color,  but  this  can  be  disregarded,  as  it 
is  only  metallic  copper.  In  some  of  the  oxidations  the  wire 
attached  to  the  negative  pole  was  coated  red  by  copper,  or 
with  a  black  deposit  of  metallic  iron.  The  idea  suggested 
itself  to  me  that,  as  the  metal  was  depositing  as  such,  it 
might  possibly  inclose  some  mineral,  as  yet  unacted  upon, 
and  thus  withdraw  it  from  the  field  of  oxidation.  I  therefore 
invariably,  in  ever\^  determination,  reversed  the  current  for 
a  few  minutes  before  its  final  interruption.  This  seems  to 
have  been  unnecessary  with  chalcopyrite,  but  was  required 
with  some  other  minerals  with  which  similar  experiments 
were  tried. 

With  a  chalcop^nnte,  dift'erent  from  that  analyzed  before, 
the  following  percentages  of  sulphur  were  obtained  : — 

(i)  29*9  per  cent  S- — (2)  30-11  percent  S — (3)  29*7  per  cent  S. 

The  quantity  of  mineral  used  was  in  (ij  •1528  gramme,  in 
(2)  •1445  gramme  and  in  (3)  •1082  gramme.  About  10 grammes 
of  potassium  hydroxide  were  used  in  each  determination.  The 
current  was  one  ampere,  acting  for  a  period  of  ten  minutes. 
In  working  with  a  quantity  of  mineral  varying  from  *2  —  *3 
gramme,  the  quantity  of  alkali  should  be  doubled. 

This  method  affords  a  rapid  oxidation  of  sulphur  to  sul- 
phuric acid,  so  that  the  inconveniences  arising  from  the  slow, 
time-consuming  method  with  nitric  acid  and  potassium 
chlorate,  or  that  with  nitric  acid  alone,  can  be  avoided, 
where  a  current  of  the  strength  indicated  above  can  be 
obtained. 
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Iron  salts  also  are  removed.  I  have  endeavored  to 
oxidize  the  sulphur  of  pyrite  by  this  means,  but  thus  far  the 
experiments  have  been  fruitless.  I  have  not  obtained  more 
than  half  of  the  sulphur  in  the  form  of  sulphate.  Even 
when  the  current  acted  for  thirty  minutes,  the  result  was  no 
better.  The  cause  of  this  singular  behavior  appears  to  be 
due  to  the  presence  of  the  iron.  I  expect,  however,  to  so 
modify  the  experiment  in  this  case  that  pyrite  may  yet  be 
as  easily  oxidized  as  chalcopyrite. 

As  time  permits,  this  mode  of  oxidation  will  be  extended 
to  other  natural  sulphides  and  to  compounds  containing 
sulphur. 

My  experiments  in  oxidizing  with  the  current  really 
began  with  chromite.  It  was  treated  the  same  as  the 
chalcopyrite.  Twice  I  obtained  a  little  over  fifty-three  per 
cent.  Cr^Oj  from  a  specimen  of  this  mineral,  which  by  an 
older  method  gave  fifty-four  per  cent.  Cr203.  At  present  I 
am  not  prepared  to  say  anything  more  in  regard  to  this 
mineral.  Some  difficulties  have  appeared  which  require 
solution  before  entering  into  details. 

Nickel  crucibles  as  well  as  iron  have  been  used  in  this 
work,  and  with  chromite  an  old  platinum  vessel  was  made 
to  do  service.  The  crucibles  were  one  and  one-fourth 
inches  in  height,  and  one  and  three-eighths  inches  wide; 
the  most  convenient  form  would  be  that  measuring  two 
inches  in  length,  and  one  and  one-half  inches  in  width. 

In  closing  I  must  extend  my  sincere  thanks  to  Mr.  D.  L. 
Wallace,  of  this  laboratory,  for  his  kind  assistance,  without 
which  it  would  have  been  impossible  for  me  to  carry  out 
these  experiments  at  this  time. 

University  of  Pe.nnsylvania, 
Philadelphia,  March  19,  1889. 


DISCUSSION. 

Mr.  Pemberton. — The  application  of  the  electric  current 

as  an  oxidizing  agent  in  chemical  analysis  is  certainly  most 

interesting.     So  far  as  the   particular   application    to    the 

analysis  of  pyrite  is  concerned,  the  process  would  be  open 
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to  the  objection  brought  forward  by  Dr.  Ltmg-e  to  other 
methods  of  analyzing  by  alkaline  fusion.  Sulphiir,  present 
in  combination  (as  in  galenite  or  barite),  would  be  reckoned 
available  for  sulphuric  acid  manufacture.  This,  however, 
relates  to  only  one  use  of  the  process  and  is  of  minor 
importance.  The  principle  involved  is  of  wide  application, 
and  is  a  new  and  interesting  departure  in  chemical  analysis. 


The   testing   of   LOGWOOD    EXTRACTS. 


By  T.  Chalkley  Palmer. 


\_Read  at  the  Stated  Meeting  of  the  Chemical  Section,  Franklin  Institute, 

March  ig,  iSSg.'] 

The  continued  paper  of  Dr.  Bruehl,  now  appearing  in  the 
Textile  Colorist,  on  "  Dyewood  Extracts,  etc.,"  while  of 
great  importance  and  generalh'  very  practical,  contains 
some  statements  that  may  be  challenged.  This  is  notice- 
ably the  case  when  the  author  discusses  Trimble's  method 
of  estimating  the  tinctorial  value  of  logwood  extracts.  The 
description  of  this  method,  given  on  page  5  of  the  Janu- 
ary issue,  is  in  outline  correct,  but  some  particulars  of  an 
essential  nature  are  not  given,  and  the  capabilities  of  the 
process  are  certainlv  misapprehended. 

In  order  to  operate  successfully  with  this  test,  the  fol- 
lowing conditions  must  be  observed.  The  bluestone  or 
copper-sulphate  solution,  as  well  as  the  solution  of  extract, 
must  be  made  with  distilled  water.  The  water  used  for 
dilution  in  the  graduated  cylinders,  if  pure  distilled  water, 
will  give  a  reddish-purple  color,  quickly  fading,  and  useless 
for  a  standard  of  comparison,  even  during  ten  minutes.  If 
river  or  hydrant  water  is  used,  the  precipitate  forms  into 
flocks  immediately,  and  settles  to  the  bottom  of  the  cylinder, 
being  likewise  useless.  It  has  been  found,  in  practice,  that 
the  water  for  dilution  should  be  three-fourths  distilled  water 
and  one-fourth  hydrant  water.  The  explanation  of  this 
necessity  for  a  certain  amount  of  ordinarv^  water  is  not,  so 
far,  at  all  clear  ;  but  probably  a  trace  •  of  ammonia,  or  still 
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more  a  trace  of  lime,  is  necessary  to  the  production  of  the 
blue,  finely  divided  lake  of  logwood  and  copper  oxide.  The 
quantity  of  the  blue  compound  is,  however,  so  minute  that 
the  slightest  excess  of  this  agent,  be  it  what  it  may,  pro- 
duces results  akin  to  over-oxidation. 

It  would,  of  course,  be  more  scientific  to  take  pure  distilled 
water,  and  add  enough  of  the  needed  reagent,  whatever  it 
maybe,  to  produce  the  result ;  but  the  nature  of  this  reagent 
not  being  known,  and  a  mixture  of  water,  as  given  above, 
producing  good  results,  I  have  contented  myself  with  this 
process.  It  only  needs  to  be  further  pointed  out,  that  as 
natural  waters  vary,  varying  proportions  may  have  to  be 
used  in  different  places.  The  above  proportions  are  for 
Schuylkill  w^ater. 

In  comparing  two  cylinders  by  this  process,  instead  of 
looking  at  the  two  from  above,  as  stated  by  Dr.  Bruehl,  it  is 
necessary  to  look  at  them  from  the  side  ;  in  fact,  in  a  direc- 
tion at  right  angles  to  the  length  of  the  cylinders.  It  is  a 
good  plan  to  cut  off  the  view  of  the  meniscus  with  a  piece  of 
paper  or  with  the  hand,  thus  leaving  visible  for  coinparison 
two  bands  of  color,  not  complicated  with  any  inequalities. 
If  one  looks  into  the  tops  of  the  cylinders,  and  if  he  has  in 
one  a  standard  diluted  to  100  cc,  and  beside  it  an  adulter- 
ated extract  diluted  to  50  cc,  he  is  then  comparing  two 
columns  of  color,  of  equal  richness,  to  be  sure,  but  of  which 
one  is  twice  as  deep  as  the  other.  It  is  very  evident  that 
this  would  lead  to  a  serious  error.  If,  on  the  other  hand, 
he  compares  these  two  cylinders  by  a  side  view,  he  is  look- 
ing through  two  columns  of  equal  thickness.  By  this 
method  of  procedure  he  can  get  results  accurate  within  two 
per  cent.  The  description  of  the  method  has  been  already 
given  pretty  fully  elsewhere,  and  though  it  may  appear 
complex,  is  really  very  expeditious. 

Now,  in  regard  to  the  conclusion  of  Dr.  Bruehl,  that 
tannin-bearing  matters  have  a  disturbing  effect  on  this 
reaction  and  that  wrong  values  will  consequently  be 
obtained  for  extracts  adulterated  wath  hemlock,  chestnut, 
etc.,  it  is  to  be  said  that  this  is  altogether  erroneous.  After 
a  rather  extensive  experience  in  using  this  method,  I  have 


3 1 8^  Chemical   Section.  [J.  F.  I., 

perceived  ver}-  clearly  that  it  constitutes  a  laboratory  assay 
rather  than  a  dye-house  test ;  that  is,  it  shows  more  concern- 
ing the  purity  and  the  mode  of  manufacture  of  an  extract 
of  logwood  than  it  does  of  its  practical  and  effective  value 
in  the  dye-house.  Let  me  make  this  clear,  and  in  doing  so, 
it  will  be  perceived  that  what  the  method  lacks  in  one 
respect  it  gains  in  another. 

Everybody  knows  that  hemlock,  chestnut,  and  still  more 
cutch  and  sumac,  are  not  absolute  and  unqualified  adul- 
terants when  considered  from  the  dyer's  point  of  view. 
Most  warp  and  other  cotton-dyers  habitually  add  cutch  and 
hemlock  to  their  dye-baths,  either  knowingly  and  avowedly 
or  unknowingly  under  various  fancy  names.  The  role  of 
these  materials  is  two  fold ;  they  act  as  real  coloring 
matters,  producing  colored  lakes  with  the  metallic  salts  used 
in  dyeing,  and  they  serve  as  "  fasteners  "  or  accessory 
mordants,  aiding  the  ultimate  color  to  withstand  washing 
operations  that  follow  dyeing.  This  is  very  ancient  history. 
Consequently,  it  is  far  from  surprising  that  any  one  who  has 
not  used  Trimble's  method  should  suppose  that  an  equiva- 
lent result  would  be  obtained  here  ;  that  the  tannins  present 
in  the  extracts  in  question  would  help  to  form  colored  lakes ; 
but  it  is  difficult  for  the  writer  of  these  lines  to  understand 
how  anyone  can  think  so  who  has  done  more  than  meditate 
on  the  subject. 

The  facts  in  the  case  are  these.  If  you  weigh  out  three" 
equal  quantities  of  a  given  extract  of  logwood,  and  if  you 
add  to  one  of  these  an  equal  weight  of  glucose,  and  to 
another  an  equal  weight  of  hemlock  extract,  and  test  the 
three  against  each  other,  you  will  get,  using  the  pure  extract 
for  standard  at  loocc,  for  the  one  mixed  with  glucose,  50  cc, 
and  for  the  one  mixed  with  hemlock,  almost  exactly  the 
same,  but  possiblv  51  cc.  or  52  cc.  It  is  evident  from  this, 
that  any  lake  produced  by  the  union  of  the  hemlock  tannin 
and  the  copper  oxide  is,  under  the  peculiar  conditions  of 
this  test,  colorless  or  nearh^  so.  Why  this  should  be  so  here, 
and  not  so  under  the  conditions  that  obtain  in  the  dye-house, 
it  is  not  easy  to  explain,  but  there  is  no  room  for  dispute 
concerning  the  facts. 
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The  following  results  will  bear  out  this  statement  of  the 
case,  being  selected  from  many  others  obtained  by  this 
method  on  account  of  their  bearing  on  the  point    at   issue. 


Description  of  Extract. 

Observed 
Dilution. 

Theoretical 
Dilution. 

Extract  logwood,  100  percent. 
85 
80 

75 
"              "           70          " 

66-6       " 

65 

(Standard), 

cc. 
100 'o 

86-0 
79  "o 
75 'o 
69-5 
65-5 

64-0 
48-0 
33-0 

cc. 

2 

3 
4 
5 
6 

7 

Extract  hemlock,  15  per  cent., 

"               "           20         " 
Glucose,                   25         " 

"                           30        " 
Extract  chestnut,  33-3     " 
Cutch,  25   per  cent. ;  glucose. 

85-0 
8o-o 
75-0 
70'o 
66-6 

65"o 
50"o 
33"3 

8 
9 

50 

33'3       " 

:  Molasses,  50  per  cent.,   .   .    .   . 
66-6      "           .... 

It  is  evident  that  we  have  in  this  method  the  nearest 
approach  to  a  scientific  assay  of  logwood  so  far  devised. 
By  means  of  it  we  arrive  at  the  absolute  amount  (roundly 
speaking)  of  logwood  extract  in  any  given  sample,  let  the 
adulterant  be  any  one  or  two  of  the  substances  mentioned 
in  the  above  table.  No  doubt  many  things  might  be  added 
to  an  extract  of  logwood  that  would  interfere  with  this  test, 
but  none  of  the  ordinary  adulterants  appear  to  do  so. 

Finally,  the  method  appears  capable  of  extension  in 
certain  directions,  whereby  its  scientific  value  may  be 
increased  very  greatly.  If  this  extension  proves  practicable, 
further  communication  will  be  made  concerning  it. 


ABSTRACTS. 
On  the  Volumetric  Determination  of  Sulphur  by  Means  of  Baric 
Chloride.  C.  and  J.  J.  Beringer  (^Chemical  News,  59,  41)  find  this 
method  satisfactory,  if  acetic  acid(iocc.)and  sodium  acetate (10  grammes)  be 
added  to  the  solution  of  the  sulphate.  The  presence  of  free  mineral  acids, 
or  of  nitrates  and  chlorides  is  not  objectionable,  provided  enough  sodium 
acetate  be  added  to  convert  all  into  sodium  salts.  L.  B.  H. 


Commercial  Production  of  Oxygen. — At  the  Stated  Meeting  of  the 
Chemical  Section,  held  March  19th,  Prof.  R.  L.  Chase  made  the  following 
remarks  on  the  commercial  production  of  oxygen  :  In  the  Journal  of  the 
Society  of  Chemical  Industry,  of  February  28th,  there  is  an  interesting  article 
on  "Some  Industrial  Applications  of  Oxygen."  It  is  claimed  that  the  gas 
can  be  manufactured  in  London  at  a  cost  of  not  over  "js.  (3d.  per  1,000  cubic 
feet. 
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In  bleaching  with  chloride  of  lime,  it  was  found  that  the  addition  of  oxy- 
gen not  only  accelerated  the  bleaching  process,  but  also  reduced  the  amount 
of  bleach  necessary.  Some  laboratory  experiments  with  paper  pulp  showed 
a  saving  of  from  forty  to  fifty  per  cent,  in  the  amount  of  bleach  necessary. 
A  practical  experiment  in  the  large  way,  and  carried  out  under  somewhat 
disadvantageous  conditions,  showed  a  saving  of  thirty  per  cent,  in  bleach. 

The  bleaching  power  of  free  chlorine  was  also  very  largely  increased  by 
the  addition  of  oxygen. 

In  the  purification  of  illuminating  gas  from  sulphur  compounds,  it  was 
found  that  by  the  addition  of  oxygen  the  lime  purifiers  alone  were  sufficient 
to  remove  all  sulphur  compounds,  and  that  the  lime  could  be  used  nearlv 
twice  as  long  as  usual.  Also  that  the  luminosity  of  the  gas  was  slightly 
increased  instead  of  there  being  a  decrease,  as  is  the  case  when  air  is  used. 

For  the  maturing  of  spirits,  it  was  found  that  by  the  addition  of  oxygen  at 
a  pressure  of  one  or  more  atmospheres  for  ten  days,  the  spirits  were  mellowed 
to  an  amount  equal  to  that  produced  by  three  to  five  years'  ageing.  The 
amount  of  fusel  oil  was  also  largely  reduced. 


Rese.a.rches  on  Silicium  and  Boron. — Ludwig  Gattermann,  Berichte, 
22,  i86. — The  author  prepares  silicium  by  heating  together  powdered  mag- 
nesium and  powdered  quartz. 

SiO.  +  2  Mg  =  Si  +  2  MgO 

The  various  silicium  preparations  can  be  made  from  the  grayish-black 
reaction  product.  If  it  be  desired  to  prepare  crystallized  silicium,  the  crude 
silicium  is  heated  in  a  luted  crucible  with  zinc,  care  being  taken  that  the  tem- 
perature remains  below  the  boiling  point  of  the  latter.  By  treating  the  fused 
mass  with  hydrochloric  acid  the  zinc  is  dissolved,  and  steel-blue  needles  of 
silicium  are  obtained. 

Boron  may  be  similarly  obtained  by  heating  borax  with  powdered  mag- 
nesium. After  washing  with  water  and  then  with  hydrochloric  acid,  the 
residual  brownish-gray  powder  consists  mostly  of  boron,  which  may  be 
obtained  beautifully  crystallized  by  fusion  with  aluminium.  S.  C.  H. 
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The  Animal  Life  of  our  Sea-shore  ;  With  Especial  Reference  to 
THE  New  Jersey  Coast  and  the  Southern  Shore  of  Long  Island. 
By  Angelo  Heilprin,  Professor  of  Invertebrate  Paleontology  and  Curator 
in  Charge  Academy  of  Natural  Sciences  of  Philadelphia,  etc.  Philadel- 
phia :  J.  B.  Lippincott  Co.,  i888. 

Professor  Heilprin,  in  this  little  book,  has  added  another  to  his  series  of 
handy  volumes  for  the  use  of  that  sojourner  on  our  sea-coast,  who  has  an  idea 
above  the  Monmouth  races,  the  occasional  "hops,"  and  the  distractions  of 
billiards  and  poker.     Even  to  those  who  are  ardent  deep  sea  fishermen,  the 
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book  proves  most  interesting,  although  the  subject  is  rather  the  jetsam  of  the 
ocean  on  its  shore.  The  description  of  the  strange  and  often  mutilated 
remains,  which  one  finds  on  the  beach,  is  given  in  clear  and  simple  language, 
and  the  numerous  illustrations  are  generally  satisfactory  and  well  chosen.  If 
a  criticism  might  be  ventured  here,  it  would  be  that  printer's  ink  has  been 
unequally  and  often  too  largely  used  in  printing  the  cuts.  This  apart,  the 
little  book  ought  to  have  a  large  sale,  as  it  is  in  good  form  for  the  pocket,  well 
conceived  and  interesting.  F. 


Elements  of  Machine  Design,  Notes  and  Plates,  for  the  use  of 
Students  in  Lehigh  University.  By  J.  F.  Klein,  Professor  of 
Mechanical  Engineering.     The  Comenius  Press,  Bethlehem,  Pa. 

Fortunately  the  preface  of  this  book  states  that  it  is  not  a  complete 
treatise,  even  on  the  machine  parts  represented,  frequent  reference  to  the 
larger  works  of  Reuleaux  and  Unwin  being  desirable. 

There  are  fourteen  plates,  which  form  the  sub-divisions  of  the  text. 

Plate  I  treats  of  different  kinds  of  screw  threads,  giving  formulae  for  proper 
diameter  for  given  working  load  when  used  for  fastenings,  for  steam  tight 
joints  and  for  transmitting  motion,  together  with  proportions  for  the  various 
standard  threads  in  use. 

Plate  II  gives  different  kinds  of  bolts,  with  methods  of  locking  the  nuts  in 
place.  The  proportions  are  good,  except  as  to  chamfering.  The  round  heads 
of  the  screws  are  too  small  in  proportion  to  the  bodies.  This  plate  is  not  up 
to  modern  standards  and  omits  many  important  points. 

Plate  III  treats  of  rivets  and  riveted  joints  and  gives  standard  formulae. 

Plate  IV  gives  examples  of  and  formulae  for  joints  for  connecting  plates 
not  in  the  same  plane. 

These  two  plates  on  boiler  work  are  such  a  mere  skeleton  of  the  subject 
that  in  many  cases  a  student  would  have  to  refer  to  Rankine  or  Reuleaux  to 
obtain  a  clear  understanding. 

Plate  V  treats  of  keys  and  methods  of  fastening  hubs  to  shafts  and  shafts  in 
sockets,  and  also  straps  to  ends  of  connecting-rods.  The  formulae  are  entirely 
unexplained,  and  the  rationale  of  the  subject  not  touched  upon. 

Plate  VI  treats  of  methods  of  drawing  the  curves  of  gear  teeth,  and  is  very 
unsatisfactory.  It  is  based  on  the  theory  of  axoids  and  centroids,  as  explained 
by  Reuleaux,  but  to  anyone  not  thoroughly  acquainted  with  Reuleaux's 
work  these  chapters  would  be  of  little  use.  The  different  shapes  of  teeth, 
their  advantages  and  disadvantages  and  methods  of  describing  the  exact  and 
approximate  curves  are  only  partially  explained.  This  matter  covers  thir- 
teen pages  of  texts,  while  twenty  pages  of  the  same  chapter  are  devoted  to  a 
method  of  "  Profiling  of  Teeth  by  Rectangular  Co-ordinates,"  which  has 
been  devised  by  the  author.  The  first  sentence  states  that  "this  method  is 
at  once  the  simplest  and  most  exact,  involving  only  capacity  to  use  the  square 
and  to  lay  off  distances  accurately."  Some  conception  of  the  extent  of  the 
capacity  which  is  "  only  "  thus  involved  may  be  obtained  by  examining  the 
first  figure,  which  is  given  on   page   51.     This  is  the  profile  of  the  tooth  of 


322  Book  Notices.  fj.  F.  I.. 

a  rack,  the  diametral  pitch  of  which  is  two,  or  about  one  and  one-half  inches, 
actual  pitch.  In  the  first  place,  this  is  a  relatively  large  pitch,  the  great 
majority  of  gears  to  be  cut  or  for  which  patterns  are  to  be  made  in  ordinary 
practice  having  much  smaller  pitches  than  this.  But,  taking  this  rack  tooth 
of  one  and  one-half  inches  pitch,  the  requirements  of  this  "  simplest  and  most 
exact "  system  are  that  eight  lines  shall  be  drawn  parallel  to  and  on  each 
side  of  the  pitch  line  at  a  distance  apart  of  o'075  inches,  and  that  the  follow- 
ing distances  from  the  radial  reference  line  be  laid  off  on  these  lines  consecu- 
tively:    •008^',  "023^^,  ■042^^,  '065'^,  •092''^,  •122'',  •155'''  and  'igi^'. 

The  claim  that  this  method  is  simple  and  exact,  in  view  of  the  extreme 
difficultyof  laying  off  the  above  dimensions  for  this  relatively  large  pitch,  is  pre- 
posterous, even  when  the  figures  are  already  selected  ;  but  when,  in  addition 
to  this,  great  judgment  and  care  have  to  be  exercised  in  selecting  the  proper 
figures  from  the  proper  table,  the  liability  to  error  becomes  so  great  that  one 
would  never  feel  confident  of  the  result  without  verifying  it  by  one  of  the 
simple  and  exact  methods  in  general  use. 

Plate  VII  continues  the  subject  of  spur  gearing,  quoting  Reuleaux,  Rankine 
and  Willis,  and  giving  formuU\;  for  proportions  and  strength.  It  is  to  be 
regretted  that  the  author  did  not  devote  the  ability  and  perseverance  dis- 
played by  his  tables  of  co-ordinates,  to  the  making  of  tables  of  ultimate 
strength  for  gear  teeth.  Such  tables  are  greatly  needed  to  enable  engineers 
and  designers  to  avoid  the  constantly  recurring  calculations  to  determine  the 
pitch  and  length  of  face  of  tooth  required  to  stand  a  given  stress  at  the 
pitch  line. 

This  chapter  also  gives  proportions  for  shafts,  arms  and  wooden  teeth  and 
treats  of  equidistant  values  of  cutters,  but  maintains  the  general  air  of 
obscurity  and  mystery  which  pervades  the  book. 

Plate  VIII,  "  Problems  in  Gearing  "  is  good.  It  contains  information  and 
is  capable  of  imparting  instruction  to  any  student  who  has  been  sufficiently 
prepared  to  receive  it,  although  such  preparation  could  not  be  obtained 
from  this  book. 

Plate  IX,  on  "  Bevel  Gearing,"  is  also  very  good,  although  to  anyone  not 
already  well  up  on  the  subject,  it  would  prove  rather  difficult  to  understand. 

The  author  adheres  to  the  old  idea  of  the  necessity  of  a  "  Hunting  Tooth," 
and  would  sacrifice  the  accuracy  and  simplicity  of  the  velocity  ratio  to  gain 
such  a  tooth. 

Plate  X  on  "  Worm  Gearing,"  begins  with  an  obscure  reference  to  hyper- 
boloidal  wheels  and  screw  gearing  which  had  better  have  been  omitted. 
Even  the  part  on  "  Worm  Gearing  "  is  more  notable  for  what  it  omits  than 
for  what  it  gives. 

Plate  XI  on  "  Belt  Gearing  "  follows  closely  Reuleaux'  presentation  of 
the  subject,  and  gives  much  useful  information  very  concisely. 

Plate  XII,  gives  an  original,  complete  and  scholarly  treatment  of  the 
subject  of  cone  pulleys,  with  formulas  and  extensive  tables  for  determining 
the  diameters  required  to  secure  equal  tension  of  the  belt  on  all  the  steps  of 
the  cones.  This,  however,  is  a  refinement  which  is  rarely  called  for,  because 
the  distance  between  centres  of  the  pulleys  should,  if  possible,  be  kept  great 
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enough  to  secure  efficient  and  satisfactory  working  of  the  belt,  and,  if  this  is 
done,  the  change  of  length  of  the  belt,  due  to  its  angularity,  will  be  incon- 
siderable. 

Plate  XIII,  on  rotating  pieces,  is  good. 

Plate  XIV,  on  bearings,  is  misleading  in  its  condemnation  of  cast-iron 
bearings  and  its  advocacy  of  universal  babbitting,  and  does  not  by  any 
means  cover  the  ground  it  should.  The  part  on  connecting  rods,  however, 
is  good. 

Taking  the  book  as  a  whole,  it  is  difficult  to  see  the  benefit  of  it  to  any- 
one, excepting  local  students  who  have  been  trained  in  a  certain  manner  and 
up  to  a  certain  point. 

It  may  be  valuable  as  "Notes  for  the  use  of  Students  in  Lehigh  Uni- 
versity," but  is  not  so  as  a  treatise  on  the  "  Elements  of  Machine  Design." 

W.  H.  T. 
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Engineers'   Society  of  Western  Pennsylvania.     Ninth  Annual  Meeting  and 

Three  Papers.  From  the  Society. 

Erie,  Pa.     Annual  Report  of  the  Board  of  Water  Commissioners  for  1886  and 

1887.  From  the  Board. 
Fall  River,  Mass.     Fifteenth  Annual  Report  of  the  Watuppa  Water  Board  to 

the  City  Council.     January  i,  1889.  From  the  Board. 

Fletcher,  Alice  C.     Indian    Education    and    Civilization.     Senate    Executive 

Document.     1885.  From  the  Department  of  State. 

FrankHn  Machine  Works.  Catalogue  of  Machinery.  From  H.  P.  Feister. 
Frazer,  Persifor.     Archaean  Characters  of  the  Rocks  of  the  Nucleal  Ranges 

of  the  Antilles.  From  the  Author. 

Friends'  Free  Library,  Germantown.  Report  for  1888.  From  the  Library. 
General  Land  Office,  U.  S.     Annual  Report  of  the  Commissioner.     1885  to 

1888,  inclusive.  From  the  Office. 
General  Society  of  Mechanics   and  Tradesmen  of  the  City  of  New  York. 

Annual  Report.  From  the  Secretary  of  the  Society. 

Geological  and  Topographical  Map  of  the  New   Boston   and  Morea  Coal 

Lands  in  Schuylkill  County,  Pa.  From  Benj.  S.  Lyman. 

Germanischer  Lloyd.     Internationales  Register.     1888  and  1889. 

From  L.  Westergaard  &  Co. 
Harris-Corliss  Engine.     Catalogue. 

From  the  W.  A.  Harris  Steam  Engine  Company. 
Hartford,  Conn.     Report  of  W.  E.  Worthen,  upon  an  additional  supply  of 
water.     March,  1864. 
Report  relative  to  new  reservoir,     1878. 
Reports  on  supply  of  water  from  Farmington  River.     1878. 
From  the  Hartford  Water  Works. 
Hartford  Steam  Boiler  Inspection   and  Insurance  Company.     Some  Recent 
Boiler  Explosions.  From  the  Company. 
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Hydrographic  Office,  U.  S.     Nautical  Monograph  No.  5.     The  Great  Storm 
off  the  Atlantic  Coast  of  the  United  States.     March  11-14,  1888. 

From  Lieut.  G.  L.  Dyer. 
Idaho.     Reports  of  the  Governor  to  the  Secretary  of  the  Interior.    1885  to  1888. 

From  the  Governor. 
Iowa  State  Board  of  Health.     First  to  Fourth  Biennial  Reports.     1881  to  1887. 
Monthly  Bulletins.     Vol.  i.     Nos.  3,  5,  7,  9,  11,  12.     Vol.  2.     Nos.  i  to  7. 
1888.  From  the  Board. 

Ives,  F.  E.     A  New  Principle  in  Heliochromy.  From  the  Author. 

Kansas  State  Board  of  Agriculture.     Advance  Sheets  Sixth  Biennial  Report. 

From  the  Board. 
Landis,  C.  K.     Map  of  the  Proposed  Grand  Avenue  to  the  Park. 

From  C.  K.  Landis. 
Leominster,  Mass.     Sixth,    Seventh,  Eighth,  Twelfth    to    Sixteenth  Annual 
Reports  of  the  Water  Board  for  years  ending  March  1878  to  1880,  and 
188410  1888.  From  the  Board. 

Levytype  Company  of  Philadelphia.     Specimen  Sheets. 

F'rom  the  Comp:iny. 
Locomotives.      Six    charts    illustrating   types    of    European    and    American 
locomotives,  between  the  years  1771  and  1882. 

From  Wm.  Kite,  Librarian  Friends'  Library. 
Lynn.     Seventeenth  Annual  Report  of  the  Public  Water  Board  for  1888. 

From  the  Board. 
Madison,  Wisconsin.      Sixth  Annual  Report  of  the  Board  of  Water  Com- 
missioners, for  year  ending  October  i,  1888.  From  the  Board. 
■Making  of  a  Paper.     Patents.                  From  the  W.  J.  Johnston  Company. 
Manchester  (England)   Free   Public    Libraries.     Hand-book,  historical  and 

descriptive.  '         From  the  Librarian. 

Manchester  (England)  Statistical  Society.     The  free  library  movement  in 
Manchester.     By  W.  R.  Credland. 

From  the  Librarian,  Manchester  Free  Public  Libraries. 
-Massachusetts  Agricultural  College.     Twenty-sixth  Annual  Report. 

From  the  College. 
Massachusetts.     Board  of  Commissioners  of  Savings  Banks.     Annual  Report 

for  1888. 
Massachusetts  State  Library.     Report  of  the  Librarian  for  1888. 

From  the  Library. 
Mechanics'  Institute  of  San  Francisco.     Report  of  the  Twenty-third  Exhibi- 
tion. From  the  Institute. 
Meriden  Scientific  Association.     Transactions.     Vol.  3. 

From  the  Association. 
Meteorological  Council.     Royal  Society.     Hourly  Readings.     1886.     Part  i. 
Weekly  Weather  Report,     October  ist  to  December 

31,  1888. 
Report  to  the  Royal  Society  for  the  year  ending 
March,  1888.  F"rom  the  Council. 
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Montana.     Reports  of  the  Governor  to  the  Secretary  of  the  Interior  for  the 
years  1878,  1881,  1883,  1885,  1887  and  1888. 
Third  Annual  Report  of  the  Superintendent  of  Public  Instruction 
for  the  year  1881.  From  the  Governor  of  Montana. 

National  Electric  Light  Association.     Bulletin  No.  6.     Sixth  Series. 

From  the  W.  J.  Johnston  Company. 
New  Jersey.     Adjutant-General's   Reports   for    1861    to    1886,  excepting   for 

1862,  1866,  1870,  1874  and  1880.  From  the  Adjutant-General. 

Newark,  N.  J.     A  History  of  the  Old  Burying  Grounds  as  contained  in  the 
case  of  the  Attorney-General  against  the  City  of  Newark.     1888. 

From  the  Society. 
New  York  State  Agricultural  Society.     Transactions,     Vol.  34.     1 883-1 886. 

From  the  Society. 
North  Carolina  Agricultural  Experiment  Station.     Bulletin  No.  62. 

From  the  Station. 
Ohio  State  Board  of  Agriculture.     Annual  Reports.     37th,  38th  and  42d  for 

1882,  1883  and  1887.  ,  From  the  Board. 

Ohio  State  Tramway  Association.     Proceedings.     1888. 

From  the  Association. 
Ohio  Valley  Centennial  Exhibition.     Exhibit  of  the  Navy  Department. 

From  Lieut.  Richard  Rush,  Navy  Representative. 
Oldham,  R.  D.     A  Bibliography  of  Indian  Geology. 

From  the  Director,  Geological  Survey  of  India. 
Ordnance  Department,  U.  S.  A.     Annual  Report  of  the  Chief. 

From  the  Chief. 
Parrish,  Joseph.     Climate  and  Malaria.     Medical  Jurisprudence  of  Inebriety. 

From  the  Author. 
Patent  Office,  U.  S.     Specifications  and  Drawings.     February,  1888. 

From  the  Office. 
Pennsylvania  Canal  Company.     Eighth  to  Twenty-second  Annual  Reports. 

From  Mr.  Horace  Whiteman,  Secretary. . 
Pennsylvania  Railroad  Company.     Forty-second  Annual  Repoit. 

From  the  Company. 
Philadelphia  and  Erie  Railroad  Company.     Thirty-eighth  Annual  Report. 

From  the  Company. 
Philadelphia  and  Reading  Railroad  Company.     Report  for  1888. 

From  the  Company. 

Philadelphia  Social   Science  Association.     Industrial  Education  in  Europe. 
By  L.  W.  Miller.  From  the  Association. 

Popular  Science  Monthly.    July  to  November,  1885. 

From  Spencer  FuUerton. 
Rogers,  Henry  R.     Absolute  Vacuum. 

Ice-lens  of  1608.  From  the  Author. 

St.  Louis  Public  Library.     Annual  Report  1887-88.        From  the  Librarian. 
San    Francisco    Municipal   Reports,    1880-81,    1883-84,    1885-86,    1886-87, 
1887-88.  From  the  Board  of  Supervisors. 
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Shinn,  J.     Improvement  in  the  Manufacture  of  Heavy  Guns  and  Shafts. 

From  the  Author. 
Signal  Office,  U.  S.     Daily  International  Chart.    December,  1887.    Summary 
and  Review  of  International  Meteorological  Observations.     December, 
1887.  From  the  Office. 

Stead,  J.  C.     Useful  Information  Relative  to  the  Economical  Generation  and 

Employment  of  Steam.  From  F.  Leclere. 

Storr's  School  Agricultural  Experiment  Station.     Bulletin  No.  3. 

From  the  Station. 
Summit  Branch    Railroad  Company  and    Lykens  Valley   Coal    Company. 

Annual  Report  for  1887  and  1888.  From  the  Companies. 

Syracuse,  N.  Y.     Report  of  Commissioners  on  Sources  of  Water  Supply. 

From  J.  J.  R.  Croes,  New  York  City. 
Syracuse,  N.  Y.     Report  of  Commissioners  on  Sources  of  Water  Supply. 

From  the  City  Clerk. 
Taunton,  Mass.     First  and  Third  Annual   Reports  of  the  Water  Commis- 
sioners for  1876  and  1878.    (2  copies  each.)    From  the  Commissioners. 
Texas.     Geological  and  Mineralogical  Survey.    First  report  of  progress.     E. 

T.  Dumble,  State  Geologist.     1888.  From  the  State  Geologist. 

Treasury  Department,  U.  S.     Comptroller   of    Currency.     Annual    Report. 

1888.     Vol.  2. 
Annual  Report  of  the  Secretary  for  1888. 

From  the  Department. 
Virginia.     Annual  Report  of  the  Commissioner  of  Fisheries.     1882. 

From  the  Commissioner. 
Wisconsin  Farmers'  Institutes.     1888.     Bulletin  No.  2. 

From  W.  H.  Morrisson,  Superintendent. 
Wisconsin    State    Board  of  Supervision.     First  to  Third   Biennial   Reports. 

1883-84  to  1887-88.  From  the  Board. 

Wyoming  Territory.   Reports  of  the  Governor  to  the  Secretary  of  the  Interior. 
1886,  1887  and  1888.  From  the  Governor. 
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Hall  of  the  Franklin  Instititte, 
Philadelphia,  March  20,  1889. 
Joseph  M.  Wilson,  President,  in  the  Chair. 
Present,  170  members  and  seventy  visitors. 
Additions  to  membership  during  the  past  month,  sixty-seven. 
The  special  committee  to  increase  membership  made  a  report  of  progress 
and  was  continued. 

The  special  committee  to  prepare  a  memorial  of  the  late  William  Pettit, 


328 


Proceedings,  etc. 


[J.F.I. 


member  of  the  Institute,  presented  a  report,  which  was  accepted  and 
referred  to  the  Committee  on  Publications. 

Mr.  Wm.  B.  Le  \'an  presented  a  communication  on  the  compound  loco- 
motive, giving  historical  account  of  the  development  of  this  miproved  form  of 
engine,  with  especial  reference  to  the  English-built  locomotive,  "  Dread- 
naught,"  lately  purchased  by  the  Pennsylvania  Railroad  Company.  Mr. 
Le  Van's  remarks  were  illustrated  with  the  aid  of  the  lantern.  (Referred  for 
publication.) 

Capt.  E.  L.  Zalinski,  U.S.A.,  read  a  paper  on  the  "  Pneumatic  Dynamite 
Gun,"  giving  a  history  of  the  experiments  that  had  been  made  and  the  results 
attained  in  the  art  of  throwing  projectiles  charged  with  high  explosives  from 
guns,  with  the  aid  of  compressed  air.  The  paper  was  fully  illustrated  with 
the  aid  of  lantern  pictures  and  the  exhibition  of  important  parts  of  the  elec- 
trical discharging  appliances  employed.  The  paper  evoked  considerable  dis- 
cussion and  has  been  referred  for  publication. 

The  thanks  of  the  meeting  were  unanimously  tendered  to  Captain 
Zalinski  at  the  close  of  his  address. 

The  President  named  the  following  standing  committees  of  che  Institute 
for  the  current  year,  viz  : 


standing   committees   of   the  franklin    INST 


Library. 
Charles  Bullock, 
J.  Howard  Gibson, 
Fred'k  Gratf, 
Geo.  A.  Koenig, 
S.  H.  Needles, 
Isaac  Norris,  Jr., 
.  Chas.  E.  Ronaldson, 
Wm.  P.  Tatham, 
John  C.  Trautwine,  Jr., 
Lewis  S.  Ware. 


Minerals. 

Clarence  S.  Bement, 
Persifor  Frazer, 
F.  A.  Genth, 
Edwin  J.  Houston, 
George  A.  Koenig, 
Otto  Liithy, 
E.  F.  Moody, 
H.  Pemberton,  Jr., 
Theo.  D.  Rand, 
Wm.  H.  Wahl. 


ITUTE   for   THE   YEAR   1889. 

Models. 

Edward  Brown, 
John  H.  Cooper, 
C.  Chabot, 
L.  L.  Cheney, 
N.  H.  Edgerton, 
John  Goehring, 
Morris  L.  Orum, 
Chas.  Richardson, 
John  J.  Weaver, 
S.  Lloyd  Wiegand. 


Arts  and  Mamifactnres. 
J.  Sellers  Bancroft, 
George  Burnham, 
Cyrus  Chambers,  Jr., 
Franklin  M.  Harris, 
Wm.  B.  Le  Van, 
C.  C.  Newton, 
Henry  Pemberton, 
Alex.  Scott, 
Thomas  Shaw, 
Wm.  Vollmer. 


Meteorology. 
Lorin  Blodget, 
Charles  M.  Cresson, 
Edwin  J.  Houston, 
Isaac  Norris,  Jr., 
Alex.  E.  Outerbridge,  Jr., 
J.  S.  W.  Philhps. 
M.  B.  Snyder. 
Wm.  P.  Tatham, 
H.  Wiley  Thomas, 
Wm.  H.  Wahl. 


Meetings. 
Hugo  Bilgram, 
Geo.  V.  Cresson, 
G.  M.  Eldridge, 
Fred'k  Graff, 
Henry  R.  Heyl, 
Washington  Jones, 
G.  H.  Perkins, 
Sam'l  R.  Marshall, 
Chas.  E.  Ronaldson, 
Wm.  H.  Thorne. 


Adjourned. 


Wm.  H.  Wahl,  Secretary. 
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OX  MARKS'  ARTIFICIAL  LIMBS. 


[Abstraci  of  the  Report  of  the  Comt/itttee  on  Science  and  the  Arts,  presented 
at  the  Stated  Meetins^  of  the  Institute,  held  Wednesday,  fanuary  r6,  iSSg.'] 

This  subject  was  submitted  to  the  Coihmittee  on  ^Science 
and  the  Arts  for  examination,  and  upon  the  reading  of  the 
report  and  exhibiting-  the  specimens  and  illustrations, 
appeared  to  be  of  sufficient  interest  to  warrant  the  attention 
of  the  Institute  at  this  meeting,  and  a  concise  abstract  of 
the  report  was  accordingly  prepared.  This  abstract  follows 
and  describes  the  invention  in  its  several  stages  of  progress. 

The  first  improvement  consisted  in  the  siibstitution  of 
an  elastic  artificial  foot,  made  of  india-rubber,  without  anv 
joints  whatever,  for  the  artificial  foot,  previously  made  of 
wood,  with  joints  to  permit  motion  of  the  ankle  and  toes, 
and  also  an  artificial  hand  made  of  india-rubber,  simulating 
the  missing  member.  As  a  matter  of  course,  such  an  artificial 
hand,  which  is  here  illustrated,  could  do  little  else  than 
Whole   No.  Vol.  CXXVH.  -(Third  Serirs.  Vol.  xcvii.)  22 
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restore  appearanees ;  it  had,  beside  this,  the  merit  of  not 
wearintr  out  gloves  and  other  apparel  as  rapidly  as  its 
wooden  and  metallic  articulated  predecessors,  and  it  was 
miich  less  costly  and  not  so  unpleasant,  when  it  came  into 
personal  contact.  The  rubber  foot,  which  is  also  here 
illustrated,  consisted  of  a  wooden  block  riofidlv  secured  or 
formed  with  the  leg-  and  extending  downwardly  to  within 
about  two-fifths  of  the  distance  from  the  ankle  to  the  sole, 
and    forward   to  nearly  the  first   articulation  of  the  meta- 


tarsus and  toes  ;  this  block  was  covered  with  india-rubber, 
and  all  the  rest  of  the  foot,  from  heel  to  toes,  was  formed  of 
elastic  vulcanized  rubber. 

The  action  of  such  an  artificial  foot  was  that  of  an  elastic 
segment  of  a  wheel.  The  shock  of  placing  the  weight  upon 
the  heel  at  each  step  was  avoided  by  the  elastic  cushion  of 
rubber  forming  the  heel,  and  as  the  weight  was  progres- 
sively transmitted  to  the  forward  part  of  the  foot,  by  the 
•combined  effect  of  muscular  exertion  in  the  remaining  part  of 


the  natural  limb  to  which  it  was  applied,  and  the  luomentum 
previouslv  acquired,  an  easy  flexure  of  the  toes  took  place, 
which,  reacting  elastically  as  the  weight  was  transferred  to 
the  other  limb,  assisted  in  the  flexure  of  the  knee  joint,  giving 
an  easy  and  naturally  appearing  movement.  Such  artificial 
feet  were,  upon  trial  by  those  who  were  maimed  and  had 
used  other  artificial  substitutes,  found  to  be  easier  to  use, 
lighter  and  more  comfortable.  Thev  were  rapidly  intro- 
duced into  use,  and  have  proved  from  their  greater  sim- 
plicity more  durable  and  far  less  destructive  to  clothing. 
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The  next  improvement  (the  picture  of  which  is  here 
vshowni  is  an  improved  and  simplified  construction  of  the 
knee  joint  of  artificial  limbs,  made  with  a  view  to  strength, 
facilitv  of  accurate  manufacture  and  easy  application.  This 
joint  consists  of  a  flanged  plate,  secured  by  screws  to  the 
under  surface  of  the  thigh  socket,  and  has  formed,  integrally 
with  it,  of  steel,  by  drop  forging,  a  cylindrical  pillar,  termi- 
nating in  two  lateral  journals  having  the  same  axis,  resem- 
bling an  inverted  capital  letter  T. 


These  journals  perform  the  function  of  the  cond3-les  of 
the  femur,  in  the  natural  limb,  and  are  fitted  accuratelv  in 
bearings  formed  with  oblique  caps,  secured  by  screws  in 
the  rear  of  the  knee  portion  of  the  leg. 

On  the  rear  of  the  pillar,  in  about  the  same  horizontal 
plane  as  the  axis  of  the  journal  when  the  limb  is  extended 
and  erect,  is  formed  a  short  lever,  having  a  spherical  end, 
against    which    a    cup,  formed    upon    the    upper   end   of   a 


332 


Com.    Science  and  llic  Arts: 


IJ.  F.  I.. 


sliding'  phinger,  is  pressed  upwardly  by  a  spring  in  a 
guiding'  cylindrical  case,  having  a  hemispherical  lower 
end  resting  in  a  correspondingly  shaped  cup  or  cavity 
in  a  shoulder  in  the  'interior  of  the  calf  portion  of  the 
leg.  When  the  limb  is  extended,  the  spring  operates 
with  full  effect,  in  holding  the  limb  extended ;  as  it  is 
flexed  the  lever  graduallv  assumes  a  greater  angle  to  the 
line  of  reaction  of  the  spring  and  cup.  so  that,  when  it 
is  flexed  with  the  thigh  at  right   angles   with   the  leg,  the 


spring  has  no  motion  or  effect,  and  if  flexed  still  further, 
the  spring  then  operates  to  assist  in  further  flexure.  The 
pillar  and  journals  are  made  hollow,  so  as  to  reduce  their 
weight. 

It  is  obvious  to  every  mechanic  from  the  form  of  these 
parts,  that  they  can  readily  and  accurately  be  finished  by 
drilling  and  turning,  that  from  their  shape  thev  insist  pos- 
sess great  strength,  and  that  they  can  easilv  be  fitted  accu- 
ratelv  into  their  working  positions  in  the  limbs. 


Another  useful  feature  of  this  form  of  joint  is,  that  the 
upper  part  of  the  pillar  forms  an  eft'ective  stop,  to  arrest 
the  forward  motion  of  the  thigh  upon  the  leg  during  exten- 
sion, bv  coming  in  contact  with  a  cushioned  cavity  in 
the  rear  of  the  knee ;  thi.s  point  of  support  being  at  a  con- 
siderable distance  from  the  axis  of  the  knee  joint,  avoids 
any  severe  strain  and  shock  from  the  sudden  extension  of 
the  limb,  which  in  other  constructions,  having  the  stops 
made  in  plates  at  the  sides  of  the  joint,  are  necessarily  close 
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to  the  axis  of  motion,  and   consequently  are  subjected  to  a 
greatly  increased  strain. 

This  concussion  of  the  stop  is  found  to  be  a  frequent 
cause  of  breaking,  both  of  the  stops  and  joints  of  other 
forms  of  limbs,  and  has  had  a  great  deal  of  ingenuity 
expended  upon  it  to  avoid  it,  by  providing  check  straps  or 
cords,  reaching  from  the  thigh  to  the  leg,  and  designed  to 
stretch  tight  l)efore  contact  of  the  stops  occurs.  These 
cords  required  greater  care  to  keep  adjusted  to  the  proper 
tensi(^n  than  could  readily  be  given  to  them.  The  simple 
contrivance,  here  shown,  obviates  the  entire  difficulty. 


(/'■',/ 


The  axis  of  the  knee  joint  is  placed  near  the  back  of  the 
limb,  so  that  the  weight  of  the  wearer  ensures  a  firm  sup- 
port on  the  limb  when  extended,  and  at  the  same  time 
slight  exertion  suffices  to  move  the  limb  in  stepping  forward. 

The  shell  or  parts,  which  in  form  imitate  the  natural 
limb,  are  made  of  light  willow  or  basswood,  as  thin  as  is 
consistent  with  strength  in  the  lower  part,  and  in  the  upper 
part  excavated  to  fit  the  remaining  portion  of  the  natural 
limb  ;  these  are  covered  tightly  with  parchment  and  painted 
and  varnished  to  resemble  the  complexion  of  the  natural 
skin. 
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The  continued  use  of  the  limbs  thus  constructed  demon- 
strated that  the  front  portion  of  the  foot  was  too  easily 
flexible,  ox  rather  that  greater  elastic  force  was  desirable, 
and  this  requirement  was  met  bv  the  inventor  by  a  device 
in  which  a  textile  fabric  was  introduced  between  the  lamina 
of  india-rubber  forming  the  ball  and  toe  portion  of  the  fo(jt, 
as  here  shown  in  the  drawing. 

The  desire  to  adapt  the  india-rubber  hands  to  changes  of 
flexure,  for  purposes  of  better  and  more  natural  appearance 
and  to  grasp  light  objects,  led  Mr.  Marks  to  improve  them 
by  making  a  light  wooden  ct)re  in  the  palm  or  metacarpal 
portion  of  the  hand  and  inserting  ductile  or  flexible  metallic 


wires  in  such  core,  which  extended  centrally  through  the 
fingers.  By  bending  the  fingers  they  retain  the  form  in 
which  they  are  set.  The  test  of  several  years'  use  of  these 
last-named  improvements  has  proved  their  utility. 

The  latest  improvement  in  artificial  limbs  consists  in 
forming  the  leg  and  foot  part  of  a  single  piece  of  wood, 
having  the  grain  curved  naturally  in  its  growth,  such  pieces 
being  procured  from  the  parts  of  the  trunk  contiguous  to 
the  roots  and  branches  of  trees  ;  limbs  made  in  this  way 
are  stronger  with  the  same  amount  of  wood  remaining  in 
them,  than  when  made  of  parts  and  glued  together,  and 
are  made  water-proof,  which  is  a  specially  valuable  feature 
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when  the  occupation  of  the  wearer  exposes  it  to  constant 
dampness,  or  to  water  itself,  as  in  fishing,  mining,  dredging, 
etc. 

Bv  makinof  limbs  in  this  manner  from  natural  curves  in 
the  growth  of  the  wood,  it  has  become  practicable  to  make 
light  and  substantial  artificial  feet,  adapted  to  partial 
amputations  of  the  foot.  vSuch  appliances  are  shown  here- 
with, and  have  been  used  with  unprecedented  satisfaction 
where  articulated  feet  were  clearly  impossibilities. 

The  advantages  derived  from  lightness  of  such  artificial 
substitutes,  will  readily  be  apparent,  when  the  resistance  to 
motion  from  inertia  is  considered.     The  ankle  and  foot  and 


lower  part  <jf  the  limb  being  light  and  hollow,  m(jve  easily 
and  promptlv  with  but  little  exertion  from  the  remaining 
part  of  the  natural  limb,  and  the  comfort  and  ease  of  the 
wearer  are  thereby  greatly  promoted. 

With  the  specimens  of  limbs  are  submitted  well-perfected 
adjuncts  in  the  way  of  suspender  straps  and  girdles,  and 
great  ingenuity  and  skill  have  been  displayed  by  these 
inventors,  in  adapting  limbs  to  specific  cases  which,  whilst 
useful  and  light  and  highly  commendable,  cannot  be  par- 
ticularized in  this  report. 

The  Franki.ix  IxsTrrrri;  has  not  made  any  examination 
in  this  department  of  the  arts  since  January  i  i,  i(S49,  when, 
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as  appears  on  pajj;-c  6i,  \ (A.  xlix,  of  the  Journal,  they 
reported  upon  the  merits  of  the  Palmer  artificial  limbs. 
Since  this  time  about  sixty  or  more  patents  have  been 
:^i^ranted  for  alleged  improvements  in  artificial  limbs,  nearly 
all  of  which,  except  these,  which  are  the  subject  of  this 
report,  added  complications  or  additional  parts  to  the  limbs. 
In  none  of  these  inventions  does  there  appear  such  desir- 
able simplicitv  of  construction  and  reduction  of  cost  of 
production  as  in  those  under  consideration.  The  makers 
are  enabled  to  make  most  durable  and  substantial  work- 
manship of  all  parts,  and  have  demonstrated  all  of  these 
points  by  making-  something  over  9,000,  which  are  in 
constant  and  satisfactor\'  use. 

The  extreme  simplicitv  of  construction  has  proved  the 
means  of  bringing  their  cost  within  the  reach  of  many 
persons  requiring  such  appliances,  who  could  not  otherwise 
afford  to  use  and  maintain  them,  and  there  are  now  many 
persons  using  them  and  actively  competing  with  others  in 
many  lines  of  industrv :  among  them,  machinists,  black- 
smiths, farmers,  fishermen,  carpenters,  moulders,  instrument 
makers,  railwav  conductors,  engineers,  and,  in  fact,  repre- 
sentatives of  nearlv  everv  handicraft. 

Mr.  Thomas  Kehr,  a  skilled  workman  in  all  branches  of 
their  manufacture,  who  works  daily  at  the  bench,  standing 
upon  two  of  them,  demonstrated  publicly  at  the  Institutk 
meeting  their  facility  of  use  and  value  in  walking,  better 
than  anything  that  can  be  said  upon  the  subject.  (One  of 
Mr.  Kehr's  legs  was  amputated  in  the  middle  of  the  femur 
and  the  other  an  inch  and  one-half  below  the  patella.) 

[The  report  of  which  the  foregoing  is  an  extract,  and 
which  embraced  the  recommendation  of  the  award  of  the 
John  Scott  Legacy  Premium  and  ]\Iedal,  was  signed  by 
vS.  Lloyd  AViegand  [CJim^,  L.  L.  Cheney  and  N.  H.  Edger- 
ton,  and  approved  and  adopted  by  the  Committee  on  vScience 
and  the  Arts,  at  its  stated  meeting,  held  Wednesday,  Feb- 
ruary 6,  1889. 1 


I 
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AMATEUR   PHOTOGRAPHY  in   its    P:DUCATI0NAL 

RELATIONS. 


Bv  Prof.  Ch.^rles  F.  Himics. 


[.•7   leititre  delivered  before  the  FuANKLlN  Institute.  February  11,  i88g?^ 

The  Lecturer  was  introduced  by  the  Secretary  of  the 
iNSTrrrTE,  and  spoke  as  follows: 

Mkmhers  of  the  Institute.  Ladies  and  (tEntlemen  : 

The  subject  as  announced  for  the  lecture  this  evening  is 
Amateur  Photography.  Now,  whilst  many  photographic 
societies  experience  great  difhculty  in  defining  satisfactorily 
the  term  Amateur  Photographer,  I  apprehend  that  we  will 
have  little  difficult v  in  agreeing  in  regard  to  the  term 
Amateur  Photography,  and  I  desire  at  the  out.set  that  there 
may  be  no  misunderstanding  about  it.  The  first  mentioned 
difficultv  (originates  in  the  two-fold  character,  possessed  by 
manv  wIkj  practice  photograph}-.  They  have  an  amateur 
and  a  professional  side,  and  frequently  in  the  professional  the 
amateur  side  is  so  undulv  developed  that  the  professional  is 
almost  lost  sight  of,  whilst,  on  the  other  hand,  in  some  ama- 
teurs the  development  of  professional  traits  is  only 
restrained  by  ♦:he  quality  of  their  work.  By  amateur  pho- 
tographv  then  this  evxming  we  mean  amateur  ]iractice, 
whether  by  professional  or  ncm-professional. 

In  determining  upon  the  treatment  of  the  subject  I  have 
been  influenced  by  a  knowledge  of  the  fact  that  this  Insti- 
tute is  deeply  interested  in  the  encouragement  of  popular 
scientific  education,  and  healthv  public  sentiment  tipon  this 
point,  as  well  as  in  higher  scientific  investigation.  A  few 
years  ago,  in  the  course  of  lectures  at  the  International  Elec- 
trical Exhibition,  under  your  auspices,  I  had  the  pleasure,  in  a 
lecture  on  Actinism,  to  illustrate  the  scientific  basis  of  photo- 
graphic practice,  and  to  call  attention  to  some  of  the  most 
recent  advances,  of  wliii-h  orthochromatic  p]iotogra]:)hy  was 
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then,  perhaps,  the  most  recent,  for  the  further  development 
of  which  this  Institute  has  done  so  much  through  the  con- 
tributions of  Mr.  Ives.  This  evening  I  propose  to  call  atten- 
tion to  and  emphasize  as  best  I  can  some  of  the  more  purelv 
educational  features  of  photographic  practice,  the  resources 
of  which  in  this  respect  have  more  particularly  impressed 
me  in  connection  with  instruction  for  manv  vears  of  classes 
in  a  course  of  so-called  liberal  educati(^n,  I  mean  an  ordinary' 
colleg^e  course,  as  distinguished  from  a  technical  course.  I 
cannot  but  recognize,  too,  as  a  fact  that  amateur  photog- 
raphv  has  perhaps  reached  its  highest  development  in  this 
citv,  and  that  its  societies  here  are  not  only  of  the  oldest, 
but  among  the  most  active  and  progressive,  and  that  conse- 
quentlv  it  would  hardlv  repay  to  consume  time  in  demon- 
strating well-kn(^wn  processes.  Any  purely  practical  sug- 
gestions therefore,  as  to  formulse,  wrinkles  and  dodges,  will 
be  purelv  incidental. 

Amateur  photography  is  sometimes  called,  and  perhaps 
oftener  looked  upon,  as  a  popular  craze,  as  the  fashionable 
amusement  or  pastime,  as  something  that  will  have  its  day 
and  in  turn  be  supplanted  in  popular  favor.  The  advertis- 
ing columns  of  periodicals  of  current  literature  would  tend 
to  confirm  such  an  impression.  This  treatment  of  amateur 
photographv  as  a  popular  craze  has  a  tendency  to  depress 
its  practice  to  a  lower  level,  and  to  check  temporarily  its 
inevitable  permanent  growth.  But  a  closer  consideration 
of  this  pastime,  of  its  nature,  its  relation  to  permanent 
desiderata — not  of  a  strictly  commercial  or  technical  char- 
acter— will  discover  elements  of  permanence  that  distin- 
guish it  from  the  thousand  and  one  other  ephemeral  minor 
arts  that  appear  upon  the  surface  of  society  for  awhile  and 
then  lapse  into  merited  or  unmerited  desuetude.  As  one 
who  has  emploved  photographv,  not  only  for  recreation  and 
entertainment,  but  for  the  higher  uses  of  which  it  is  sus- 
ceptible, for  research  and  as  an  educational  means,  I  feel 
that  in  this  place  it  will  be  proper  and  perhaps  profitable  so 
to  discuss  the  subject  that  all  who  claim  a  high  ideal  for 
the  art  science  mav  be  strengthened  in  their  advocacy  and 
practice. 
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Now,  nothing  perhaps  will  show  more  clearly  the  per- 
manent character  of  amateur  photography  than  a  brief 
glance  at  its  history  among  us.  There  is  something  in  it 
that  stamps  it  as  essentially  different  from  the  other  arts 
alluded  to.  As  an  amateur  of  thirty  years'  experience,  as  a 
constant  reader  of  its  literature,  as  one  enjoying  each 
advance,  each  new  application,  and  the  rapid  growth  of 
photography  as  an  amateur  art,  I  see  no  backward  step,  no 
halt,  no  diminution  of  numbers  or  of  devotion,  but  a  steadv 
forward  movement  along  all  lines,  sometimes  rapid,  at  other 
times  slow,  but  always  an  advance.  But  the  amateur  of 
thirty  years  ago  required  many  virtues  in  a  high  degree 
now  scarcely  known.  At  this  point  I  miss  much  the  inspira- 
tion as  well  as  the  moral  support  of  the  expected  presence 
of  your  honored  president,  unavoidably  absent  to-night,  to 
whom  I  could  appeal  to  substantiate  much  that  I  may  say. 
To  him  I  owe  mv  trend,  or  inspiration,  if  you  please,  in  this 
direction.  He  had  experimented  with  a  process  nearly 
related  to  one  that  to-day  produces  perhaps  more  square 
yards  or  miles  of  photographic  prints,  than  all  others 
together.  I  well  remember  the  pleasure  and  surprise  occa- 
sioned by  the  exhibition  of  a  few  of  his  early  blue  prints  of 
ferns,  accompanied  by  the  statement  that  they  were  photo- 
graphs, and  after  the  statement  of  the  simple  process  by 
which  thev  were  produced  I  was  fixed  as  an  amateur  photog- 
rapher. Everything  at  all  available  was  soon  printed  in 
blue — leaves,  ferns,  laces,  MSS.,  even  old  ambrotypes,  scraped 
clean  of  their  black  varnish.  The  process,  I  said,  was  nearly 
related  to  the  present  blue  process,  but,  like  all  other  pro- 
cesses of  that  day,  it  was  slow,-  exceedingly  shnv  by  com- 
parison. The  preparation  of  the  paper  consisted  in  simplv 
brushing  over  it.  lightly,  back  and  forth,  with  a  tuft  of 
cotton,  a  solution  of  ferricyanide  of  potassium  of  a  strength 
of  about  100  grains  to  the  ounce  of  water,  the  paper  being 
pinned  to  a  board  at  the  corners.  That  paper  can  be 
exposed  for  hours,  or  even  days,  without  danger  of  over- 
printing. It  was  so  slow  that  many  lost  faith  in  it.  After 
I  had  published  the  formula,  more  than  twenty  years  ago, 
in     Lcaf-Pri)its  or    l^hotograpliv    i^'itJioid    a     Caiitcra,    with    a 
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recommendation  of  it  to  beginners  on  account  of  its  sim- 
plicity, I  received  many  inquiries  and  complaints  from  all 
directions,  and  among  them  one  through  the  publishers 
from  Constant  (xuillou,  whom  all  older  amateurs  will 
reineml^er,  and  whom  I  remember  well  bv  his  exquisite 
Cuban  views  received  from  him  as  a  member  of  the  first 
Amateur  Photographic  Exchange  Club.  His  opinion  in 
regard  to  the  process  was  very  pronounced,  whether  he 
named  it  a  mistake  or  a  fraud,  I  do  not  recollect.  I  can 
onlv  account  for  the  roundabout  wav  in  which  his  opinion 
reached  me,  by  a  failure  on  his  part  to  recognize  on  the  title 
page  the  name  of  one  of  his  photographic  correspondents. 
There  was  one  eifective  answer  to  all  these  communications 
— a  print  produced  by  the  process,  and  advice  to  give  them 
tiiue  enough.  The  process  is  not  without  its  good  points. 
Some  of  the  failures  with  it  were  due  to  want  of  discrimi- 
nation on  the  part  of  the  druggist,  to  whom  earlv  amateurs 
were  most  likely  to  go,  between  ferric vanide  and  ferrocya- 
nide  of  potassium. 

But  it  was  not  in  the  nature  of  things  that  one  should  re- 
main contentedly  simply  a  photographic  printer,  if  there  was 
even  a  remote  possibilitv  that  images  in  the  camera  could 
be  produced.  To  be  sure,  photographic  cameras  were  not 
temptinglv  displaved  inuch  in  the  windows  or  pictured  in 
advertisements.  Thev  were  at  best  rather  crude  and  decid- 
edlv  expensive.  But  here  again,  my  friend,  your  president, 
moved  a  little  in  advance.  He  made  his  camera,  furnished 
with  a  spectacle  lens.  It  was  primitive  enough,  but  it  had 
one  great  virtue — it  was  at  least  light-tight.  As  to  the 
negative  process  employed,  it  was  one  that  I  would  hesitate 
to  attack  to-day  with  certainty  of  success.  It  was  dry,  of 
course,  and  was  called  Whipple's  Albumen  Process,  a  French 
process,  improved  bv  the  addition  of  honey  or  syrup  to  the 
albumen,  the  vehicle  of  the  alkaline  bromide  converted  into 
sensitive  .silver  bromide  in  the  nitrate  of  silver  bath.  After 
sensitizing,  the  plates  were  washed  and  dried.  Man}-  things 
were  learned,  not  strictly  photographic.  We  learned  to 
breaTv  eggs  with  a  smart  tap,  so  as  not  to  affect  the  yelks,  to 
hook  out  the  germs  with  a  toothpick,  beat  them  to  a  perfect 
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froth  without  a  patent  e^g-beater.  We  studied  well  the 
interminable  list  <jf  "don'ts  "  and  "take  cares,"  acquired  a 
proper  dread  of  dust,  which  we  were  told  was  the  greatest 
enemy  of  successful  photography.  We  followed  the  book 
in  all  its  multitudinous  and  minute  details,  in  the  cleaning 
of  the  plates,  the  levelling,  the  coating,  the  washing,  the 
drying,  and  the  storing  of  the  finished  plates — for  we  were 
groping  around  in  an  unknown  field  in  helpless  and  almost 
hopeless  darkness,  and  we  held  on  to  the  leading-strings.  But 
the  book  by  (tCo.  W.Coale,  though  quite  small  and  iinpreten- 
tious,wasafullone.  carefully  prepared,  embodvingmuch  expe- 
rience. There  was  not  much  left  to  lie  read  between  the  lines. 
I  cann(^t  now  ascribe  a  single  failure  to  misdirection  or  want 
of  direction.  ( )f  course,  there  was  always  room  enough  for 
th(jught  (m  our  ])art,  but  the  whole  character  of  the  book  is 
in  marked  contrast  with  the  most  of  the  photographic  liter- 
ature placed  in  the  hands  of  the  tyro  of  to-day  with  his  out- 
fit. To  be  sure,  such  a  book  was  more  necessary  then  than 
now.  The  discouraged  t\'ro  to-da\'  can  drop  in  on  his  older 
brother,  entertain  him  with  his  little  troubles,  and  receive 
advice  and  comfort  ;  or,  if  thev  are  too  l)ig  for  that,  he  can 
take  them  to  the  societ\-  at  its  next  meeting,  ^^'e  had  a 
society,  with  an  excellent  constitution,  elaborately  engrossed, 
and  its  initials,  "P.  P.  S.,"  are  on  many  unique  prints,  but  it 
was  not  of  much  hel])  to  us,  as  we  were  the  onlv  members, 
and  the  constitution  never  could  be  put  fuUv  into  effect  for 
want  of  members  to  fill  the  othces.  There  were  a  few  other 
amateurs,  but  we  never  discovered  them,  nor  thev  us. 

But  to  return  to  the  Whipple  process  ;  when  evervthing 
was  ready,  the  book  said,  "to  prepare  six  good  plates  is  an 
hour's  work,"  and  that  they  would  "be  good  for  at  least  one 
month  if  kept  absolutely  free  from  light,  moisture  or  deleteri- 
ous atmosphere,"  under  the  latter  cautioning  against  the 
neighborhood  of  fresh  pain.t,  varnish  or  ammonia.  It  closed 
that  chapter  with  the  caution  that  the  amateur  should  not  be 
"disheartened  by  repeated  failures  to  get  good  plates,"  "that 
the  difficulties  were  onlv  to  be  overcoine  by  sheer  perse- 
verance, with  the  exercise  of  patience  and  judgment,"  and 
the  comforting-  assiirance  that  "  when   success  was  attained 
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the  exercise  of  the  skill  required  would  impart  to  it  an 
attraction  which  the  more  mechanical  and  infallible  methods  . 
lack,"  and  the  "  infallible  "  was  emphasized  by  the  author. 
What  an  inspiration  to  patient,  painstaking,  thoughtful 
work  to  a  boy  of  brains  and  character;  what  an  encourage- 
ment to  perseverance  under  difficulties  I  What  an  educa- 
tional influence  in  this,  compared  with  the  inducements 
held  oui;  for  the  practice  of  photography  and  too  much  of 
its  literature  of  to-day!  It  says,  too  often,  "You  need  not 
know  anything  about  anything ;  yon  need  not  use  your 
brains — in  fact,  you  needn't  have  any;  as  to  skill,  in  fact, 
there  is  not  as  much  needed  at  any  stage  as  to  turn  a  barrel- 
organ,  and  withal  very  little  outlay  ;  it  is  only  necessary  to 
touch  a  spring,  or  turn  a  crank,  and  the  whole  pictorial 
world  is  yours."  After  the  Whipple  process  plates  were 
prepared,  how  precious  they  were  !  They  represented  a  great 
deal — not,  perhaps,  of  mone}',  but  of  what  was  more  than 
money — and  you  may  infer  that  the  views  for  them  were 
selected  and  studied  with  great  care.  There  was  not  much 
firing  at  random  with  these  plates.  A  little  incident  will 
illustrate  their  slowness.  On  one  occasion,  standing  with 
head  uncovered,  the  hat  being  used  to  shield  the  lens,  we 
had  twenty  minutes  to  employ  in  speculating  upon  the 
future  of  photography,  and  fixed  the  ideal,  unattainable 
limits  of  sensitiveness  as  that  which  would  permit  the 
simple  uncovering  and  covering  of  the  lens,  rather  leisurely 
at  that,  and  yet  have  the  picture  fully  impressed.  We 
never  reached  the  snap-shutter  stage,  even  in  imagination. 
But  what  a  state  of  mental  tension,  of  suppressed  expecta- 
tion, the  development  of  those  plates  involved,  as  the  solu- 
tion— not  solution  "A,"  nor  solution  "  B,"  nor  a  mixture  of 
them,  nor  somebody's  infallible  ready-mixed  developer — was 
poured  over  them,  not  in  the  tray  of  the  outfit,  but  in  the 
home-made  tray.  That  developer  was  carefully  compounded, 
every  ingredient  carefully  weighed,  or  measured,  and  recog- 
nized and  remembered  as  a  friendly  factor  in  the  case. 
Then  the  injunction  was  to  watch  the  plate  attentively 
during  development,  to  inspect  its  progress  from  minute  to 
minute,  just  as  with  your  modern  plates;  exactly  why,  how- 
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ever,  never  was  very  apparent,  as  half  an  hour's  soaking, 
with  all  the  watehing,  never  over-developed  them  ;  but  if 
in  that  time  it  did  reveal  the  unmistakable  outlines  of  a 
white-washed  fence,  or  a  barn,  it  afforded  the  gratification 
of  the  confirmation  of  our  faith  in  the  process,  a  realization 
of  the  fact  that  a  spectacle-lens  image  could  impress  itself 
even  on  our  plates.  Although  I  never  reached  with  this 
process  that  happy  stage  incident  to  a  cleap.  well- 
developed  negative,  which  our  author  told  us  was  in  itself 
a  beautiful  object,  still  the  negatives,  such  as  they  were, 
were  regarded  with  an  affection  that  was  not  lessened  by 
the  unappreciative  criticisms  of  our  friends,  who  might  say : 
*'  Yes,  there  is  the  fence,  there  is  the  barn,  but  why  does  it 
look  like  the  deluge  or  midnight?"  But  there  was  more 
than  photographic  success  in  all  this;  there  was  that  disci- 
pline that  led  us  to  venture  on  the  apparently  more  mys- 
terious and  seemingly  more  difficult  collodion  process. 
The  results  of  the  first  attempt  with  it  were  so  quick,  so 
satisfactory,  so  certain,  by  comparison,  that  its  trial  at  once 
marked  a  new  departure,  from  the  dry  to  the  wet  process, 
which  created  new  necessities.  It  required  a  portable  labo- 
ratory, portable  tent,  portable  silver  bath,  trays,  bottles, 
etc.,  etc.,  and  ingenuity  was  taxed  to  its  utmost  to  mini- 
mize the  impedimenta  and  to  store  them  so  as  to  reduce  the 
time  required  for  setting  up  and  striking  the  tent. 

This  tent  is  only  exhibited  to  empha.size  that  period  of 
landscape  photography,  entirely  with  the  past,  when 
humidus  had  the  field  to  himself.  Besides  the  cumber- 
someness  of  the  apparatus,  there  were  the  most  vexatious 
annoyances,  caused  by  the  photographic  reagents,  and 
especially  b}-  the  unreliabilit>-  of  the  sensitizing  bath,  upon 
which  the  responsibility  for  most  of  the  troubles  was 
placed,  and  perhaps  justly  at  mid-summer  temperatures. 
The  literature  of  the  nitrate  of  silver  bath,  read  with  avidity 
by  amateurs  of  the  past,  would  itself  till  volumes  in  which 
the  dry-plate  amateur  has  comparatively  little  interest. 
The  spectacular  feature  of  the  tent  was  not  without  its 
annoyance.  A  bag  of  yellow  and  black  muslin,  enclosing 
the  head  and  body,  with  the  lower  extremities  still  well  dis- 
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played  below,  was  calculated  to  excite  unappreciated  com- 
ment, and  always  occasioned  an  unpleasant  realization  to 
the  one  within  that  the  small  bov  might  be  tempted  to  do 
more.  There  was  a  dry  process,  however,  that  soon  sprang" 
up  that  disputed  the  held,  and  one  that,  although  not  suited 
to  compete  with  the  gehitine  plates  in  rapiditv,  has  many 
points  to  recommend  it,  especially  for  stereoscopic  trans- 
parencies, as  it  is  simple,  certain  and  beautiful  in  its  results 
and  inexpensive,  and  would  almost  justify  the  amateur  in 
adding  the  collodion  bottle  and  silver  bath  to  his  outfit.  I 
allude  to  the  Tannin  Process.  The  well-cleaned  plates  are 
coated  with  anv  good  commercial  bromo-iodized  collodicMi. 
sensitized  for  hve  minutes  in  a  nitrate  of  silver  bath  of  forty- 
five  grains  to  the  ounce  of  water,  saturated,  of  course,  with 
iodide  of  silver,  then  thorouo^hly  washed  in  water,  then 
flowed  with  a  filtered  solution  of  tannin  of  fifteen  grains  to 
the  ounce  of  water,  and  then  dried.  The  washing  is  the 
most  troublesome  part  of  the  process.  It  can  be  reduced 
Ijy  washing  the  plate  in  several  changes  of  water,  and 
then  flowing  it  with  a  five  per  cent.  si>lution  of  iodide  y^\ 
potassium,  and  then  rinsing.  Mv  own  practice,  published 
a  few  vears  ago.  was  to  prepare  the  plates  up  to  this  stage* 
in  the  broad  daylight,  and  allow  them  to  drv,  as  iodide  of 
silver  formed  in  presence  of  iodide  of  potassium  is  insensi- 
tive, and  that  formed  in  the  film  in  the  nitrate  bath  is 
rendered  insensitive  bv  the  flowing' with  iodide  of  potassium. 
These  plates  can  be  sensitized  at  any  time  by  immersion 
in  or  flowing  with  a  sohition  of  tannin.  The  development 
with  pyrogallic  acid,  and  nitrate  of  silver,  restrained  by 
citric  acid,  is  simple  and  controllable,  and  the  light  per- 
mitted comfortable,  whilst  the  finished  negatives,  or  trans- 
parencies, have  a  rich  brown  tone,  leaving  nothing  to  be 
desired.  The  plates  will  remain  sensitive  for,  at  least,  two 
years. 

Now  this  retrospect  as  a  scrap  of  historv  has  little  value,, 
but  the  points  touched  on  will  emphasize  the  characteristics 
of  earlv  amateur  photograph\-.     Those  were  its   heroic  days- 

*  .hnfn'iun  Jour.  .SV/.,  July,  1874. 
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There  was  much  hard  work,  and  there  were  few  tangible  re- 
sults. If  we  worked  for  pictures, we  were  poorly  repaid  in  num- 
bers or  quality,  but  we  worked  rather  for  light,  for  improve- 
ment of  processes,  for  the  detection  of  the  subtle  conditions 
of  our  oft  recurring  failures,  and  we  had  to  find  our  highest 
reward  in  that  exquisite  pleasure  of  success  wrung  from 
unfriendly  conditions.  If  our  pictures  were  not  good  in 
every  respect,  we  felt  that  we  had  done  all  to  merit  that 
highest  excellence  of  any  scientific  work,  the  highest  excel- 
lence attainable  by  the  processes  and  apparatus  at  our  com- 
mand. And  as  we  look  back  over  those  years,  and  note 
now  how  many  have  continued,  or  have  resumed  at  inter- 
vals, the  practice,  as  well  as  the  fresh  additions  of  thought 
ful,  careful,  enthusiastic  amateurs,  can  we  not  infer  that 
thirty  years  after  this  the  camera  will  still  be  even  more  the 
vade  mccum  of  many,  in  years  of  greater  leisure,  and  that 
amateur  photography  is  not  simply  a  popular  craze  ?  The 
efforts  of  the  trade  to  push  the  practice  of  amateur  photog- 
raphy by  any  mode  of  presentation  that  may  be  most 
effective,  and  in  any  place  that  may  be  open,  even  by 
representations  that  are  almost  sure  to  disappoint,  or 
that  may  seem  to  belittle  the  practice,  may  be  perfectly 
legitimate  from  a  business  point  of  view,  and  in  the  end  may 
do  no  harm.  The  boy  who  is  inveigled  into  buying  a 
Kodak,  or  who  has  a  father,  or  a  friend,  that  would  make 
him  so  suggestive  a  Christmas  gift,  may  soon  find  that  there 
is  something  beyond  the  Kodak,  and  develop  into  a  high- 
class  amateur.  If  there  are  others  wnth  whom  the  seed  may 
fall  in  shallow  soil,  and  whose  Kodaks  may  soon  find  their 
way  to  their  several  garrets,  or  to  the  second-hand  store, 
this  circumstance  can  hardly  be  considered  an  argument 
against  the  Kodak.  But  in  this  Augustan  age  of  photog- 
raphy, with  its  perfected  technique,  with  plates  and  pro- 
cesses and  apparatus  that  leave  scarcely  any  quality  to  be 
desired,  for  any  purpose,  at  the  command  of  all,  is  there 
nothing  left  to  require  and  develop  the  highest  qualities  in 
its  devotee  ?  Certainlv  there  is  as  much  in  it  as  at  any  time. 
The  ground  has  simply  changed.  There  are  broader  appli- 
cations to  be  made,  there  are  more  subtle  conditions  to  be 
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considered,  there  are  higher  excellences  than  those  of  merely 
technical  success,  there  are  demands  for  work  of  higher 
merit  than  that  embodied  in  mere  sharpness  of  definition  or 
gradation  in  development.  The  high  lights  may  have  been 
allowed  to  take  care  of  themselves,  and  the  details  in  the 
shadows  mav  have  been  taken  care  of  in  the  development, 
as  is  so  often  suggested,  but  the  result  mav  be  all  the  more 
a  discredit,  because  of  the  absence  of  thought,  of  taste,  or 
of  judgment,  which  it  discloses,  and  which  the  perfected 
technique,  and  easy  methods  render  unpardonable  as  well 
as  conspicuous.  As  some  one  has  said,  advances  in  photog- 
raphy have  made  it  easy  for  any  one  to  take  poor  pictures, 
but  the  same  standard  of  excellence  remains  to-day  as  thirty 
years  ago,  the  highest  work  in  all  respects  attainable.  .Suc- 
cess does  not  consist  in  the  number  of  shots  that  can  be 
made  on  an  excursion,  but  in  what  there  is  in  the  results 
to  give  them  any  value.  The  cheapness  of  plates  and  the 
ease  of  exposures  are  not  promotive  of  the  highest  class  of 
practice.  A  restraint  should  be  put  upon  the  enthusiastic 
sort  of  drag-net  tendency  to  take  everything,  and  trust  that 
something  will  prove  desirable. 

But,  unquestionably,  the  great  and  most  natural  desider- 
atum with  most  who  enter  upon  amateur  practice  is 
the  rapid  acquisition  of  that  technical  knowledge  and 
skill  that  may  render  possible  satisfactory  results.  They 
may  be  willing  to  put  all  the  thought,  and  care,  and 
trouble  into  it,  but  they  do  desire  tangible  returns.  In  a 
large  city,  and  a  citv  in  which  amateur  photography  has, 
perhaps,  reached  its  highest  development,  few  can  fully 
realize  the  discouragement  under  which  the  more  rural 
amateur  works,  who  can  only  eke  out  his  experience  from 
the  journals.  A  few  years  ago  the  thought  occurred  to  me 
that  a  summer  school  of  amateur  photography,  at  some 
quiet  place  of  resort,  might  meet  a  felt  want  of  some.  It 
was  discussed,  perhaps  somewhat  enthusiastically,  in  the 
hearing  of  a  gentleman,  who  pigeon-holed  it  away,  and, 
after  a  few  months,  I  received  a  pressing  request  to  organ- 
ize and  conduct  such  a  school  for  two  weeks,  with  conditions 
annexed  that  seemed  to  render  success  possible.     I  elabo- 
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rated  a  plan  with  considerable  care,  and  prepared  for  its 
execution  on  a  generous  scale,  and  acquired  considerable 
experience  that  inay  be  of  value  to  anyone  attempting  a 
similar  enterprise.  The  resort  was  a  new  one,  on  the  top 
of  the  Alleghenies,  a  hundred  cottages  and  a  few  small 
hotels  held  the  whole  population.  I  had  never  seen  the 
place,  but  I  shipped  in  advance  a  whole  car-load  of  appa- 
ratus, comprising  a  full  assortment  of  cameras  and  every- 
thing that  would  illustrate  photographic  practice,  and,  in 
addition,  permit  half  dozen  popular  lectures  on  cognate 
subjects.  The  school  was  well  advertised,  the  terms  were 
very  moderate.  I  reached  the  place  a  few  days  before,  only 
to  find  that  not  a  student  had  been  enrolled,  and  that  no 
preparations  had  been  made  for  it.  The  school  of  photog- 
raphy could  not  be  found  with  a  microscope.  The  officers 
of  the  settlement,  apparently  regarding  the  enterprise  as  a 
failure,  were  not  to  be  found ;  not  a  ticket  had  been  dis- 
posed of  for  the  course  of  popular  lectures,  upon  which 
they  had  placed  their  main  reliance.  All  the  same,  the  car- 
load of  twenty-two  Ijoxes  was  taken  to  an  unoccupied  store- 
room, that  leaked  light  at  many  crevices,  but  which  was 
roomy,  and  the  shelves  and  counters  of  which  promised  to 
be  useful.  Withal,  there  seemed  to  be  but  one  chance 
remaining  for  a  semblance  even  of  success,  and  that  lay  in 
the  possibility  of  presenting  the  practice  of  photography 
in  such  a  way  that  some  might  consider  it  favorably,  at 
least  in  its  simpler  applications.  Finding  the  man  in 
charge  of  the  grounds,  I  advised  him  to  have  some  dodgers 
struck  off  and  distributed,  inviting  to  a  free  lecture  on  pho- 
tography, the  evening  before  the  appointed  opening  of  the 
school.  There  were  many  ludicrous  incidents  connected 
with  the  whole  affair  up  to  this  point,  and  not  the  least 
these  dodgers,  in  their  composition  and  mechanical  execu- 
tion. But  perhaps  200  auditors  were  on  hand,  about  the 
whole  available  population  of  the  place.  Discarding  all 
thought  of  a  popular  scientific  introductory,  I  began  with 
photography,  presented  the  leading  features  of  its  practice, 
dwelt  upon  the  simpler  processes  in  detail,  exhibited  a  lot 
of   blue    prints,    gave    an    opportunity    to    parties    desiring 
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further  information  to  ask  questions,  and  invited  any  desir- 
ing to  enter  to  present  themselves  next  morning  at  the 
room.  And  the  school  was  a  remarkable  success.  Twenty- 
five  presented  themselves  on  time,  and  the  number  soon 
increased  to  thirty,  when  no  further  encouragement  was 
given  to  enter,  and  unless  I  had  been  fortunate  in  having 
with  me  one  of  those  unduly  developed  amateur  profes- 
sionals I  would  have  been  unable  to  organize  and  carry  on 
the  school  in  the  absence  of  many  of  the  conveniences  that 
we  are  apt  to  consider  indispensable  until  we  are  obliged  to 
do  without  them.  But  in  that  excellent  mountain  atmos- 
phere, often  up  at  six  in  the  morning,  and  as  often  not  in 
bed  before  twelve  at  night,  we  ran  that  school  for  two 
weeks,  or,  rather,  it  ran  us. 

There  was  enthusiastic,  earnest,  thoughtful,  continuous 
work,  acquiescence  in  inevitable  inconveniences  and  dis- 
comforts, and  gratifying  progress.  The  ages  ranged  from 
over  sixtv  to  a  dozen  years,  all  equally  enthusiastic.  It  was 
not  a  craze.  The  apparatus  provided  for  illustration  and 
display,  as  far  as  applicable  to  amateur  wants,  was  laid  hold 
of.  Fifteen  complete  outfits  were  disposed  of,  and  others 
subsequently  ordered,  and  occasionally  yet  a  package  of 
prints  reaches  me,  which  tells  of  continued  interest  in  the 
practice.  If  you  were  to  ask  me,  to  what  I  attribute  the 
success,  under  the  unpromising  conditions,  I  would  answer, 
to  the  plan  of  the  school ;  and  there  may  be  in  it  a  hint  for 
dealers,  as  well  as  for  any  who  might  wish  to  conduct  a 
similar  enterprise.  The  exercises  were  arranged  on  a  pro- 
gressive plan.  There  were  four  distinct  courses  from  which 
to  select,  but  as  each  higher  course  included  the  privilege 
of  the  lower  courses,  all  were  put  upon  the  first  course, 
whatever  their  selection.  In  other  words,  something  was 
given  the  students  to  do,  at  the  start,  that  they  could 
reasonably  be  expected  to  do.  They  were  tempted  only  to 
undertake  what  was  practically  certain  of  success,  what 
was  entirely  within  their  range,  and  then  they  were  allowed 
to  do  it,  thinking  and  all,  with  the  least  amount  of  direction 
and  supers'ision  consistent  with  the  proper  use  of  their 
time.     In  other  words,  thev  were  not  overinstructed.     Now. 
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there  is  nothing  like  success,  and  especially  independent 
success,  to  whet  the  appetite  for  more  and  higher  practice, 
as  well  as  to  inspire  that  measure,  and  kind  of  confidence 
so  necessary  in  many  cases.  Blue  printing,  the  first  course, 
was  therefore  given  a  prominent  place  in  the  announcement. 
Most  effort  was  expended  in  displaying  fully  its  applica- 
tions and  possibilities.  Prints  of  every  variety  were  con- 
spicuously exhibited,  from  large  architectural  plans  to  the 
humblest  leaf  prints.  Cards,  with  prints  from  negatives, 
of  a  great  variety  of  subjects,  including  series  of  scientific 
subjects,  copies  of  engravings,  landscapes,  etc.,  were  hung 
up,  not  onlv  for  inspection,  but  to  facilitate  the  selection  of 
negatives  for  practice  by  the  students.  Xo  one  can  fully 
realize  the  attractiveness  of  this  simplest  of  all  photographic 
processes  and  the  resources  it  furnishes  for  photographic 
instruction,  until  he  has  seen  it  properly  presented  to  an 
assemblage  of  two  dozen  individuals  of  average  intelligence, 
affected  with  the  ennui  of  the  average  summer  resort.  It 
can  be  made  introductory  to  all  the  elementary  principles 
of  photography,  to  the  characteristics  of  negatives,  to  print- 
ing manipulations  and  to  the  acquisition  of  that  photo- 
graphic sense  upon  which  subsequent  processes  may  be 
based.  The  majority  enrolled  for  this  course,  most  without 
the  remotest  intention  of  going  further,  but  after  the  use 
of  negatives  the  desire  to  produce  them  was  most  natural, 
and  the  second  course  of  wet-plate  camera  practice  was  soon 
entered  upon  with  even  more  enthusiasm  by  most  of  them. 
I  had  anticipated  a  run  upon  this  most  fascinating  of  all 
photographic  processes  to  the  beginner,  and  was  prepared 
with  a  supply  of  negative  baths  and  wet-plate  cameras. 
Silver  printing  was  touched  upon  lightly.  Platinum  print- 
ing was  regarded  with  more  favor,  as  it  is  the  process  for 
the  amateur,  next,  perhaps,  to  bromide  paper,  which  at  that 
time  was  not  in  the  market. 

After  these  courses,  dry-plate  photography  almost  took 
care  of  itself.  K\\  instruction  in  the  use  of  the  camera, 
focussing,  selection  of  view,  etc.,  had  been  already  given, 
and  that  without  the  inevitable  waste  of  time  by  the  tyro 
with  a  dry-plate  outfit  running  around  to  hunt  up  something 
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to  take,  and  which  he  seldom  gets,  because  he  does  not 
know  a  good  negative  when  he  sees  it.  A  school  of  pho- 
tography must  rest  upon  a  correct  pedagogic  basis,  or  it 
may  be  so  only  in  name,  and  fail  to  accomplish  what  can  be 
done  by  it.  vSo,  too,  in  the  skilfully  prepared  advertisements 
of  dry-plate  outfits,  accompanied  by  pictures  of  cameras 
pointed  at  running  dogs  or  jumping  horses,  there  is  great 
risk  of  such  disappointment  of  legitimate  expectations,  and 
consequent  discouragement,  that  the  camera  it  sells  may 
soon  go  to  the  garret.  Parties  frequently  select  their  sub- 
jects in  advance  of  purchase,  and  even  promise  pictures  to 
all  their  friends,  and  it  is  not  a  small  matter,  as  anyone 
knows  who  has  experienced  it,  to  explain  the  delay  in 
delivery  long  after  the  camera  has  put  in  an  appearance.  I 
have  in  my  pocket  a  letter  just  received  from  a  bright  little 
girl,  asking  advice  in  regard  to  an  outfit  suitable  to  take  her 
little  brother.  I  have  no  doubt  she  will  succeed  eventually, 
but  I  see  between  the  purchase  of  the  camera  and  the  reali- 
zation of  her  wish  discouraging  disappointments,  which  a 
girl  of  twelve  may  not  survive  photographically.  I  have 
written  her  frankly  that  it  is  not  the  camera  that  takes  the 
picture,  but  the  little  girl  behind  it,  and  preparing  her 
somewhat  for  her  first  disappointments,  and  assuring  her 
that  if  she  makes  up  her  mind  not  to  be  discouraged,  she 
will  be  able  to  get  a  picture  of  her  little  brother  long  before 
he  becomes  a  man,  which  she  may,  after  all,  be  inclined  to 
doubt.  The  point  at  which  photography  is  attacked  has 
indeed  much  to  do  with  the  results,  and  the  encouragement 
generallv  is  to  begin  as  far  from  the  beginning  as  possible. 
If  dealers  were  to  put  upon  the  market,  with  some  display, 
complete  outfits  for  blue  printing,  including  the  prepara- 
tion of  the  paper,  with  suggestions  of  variety  of  work  to  be 
done,  and  include  series  of  half  dozen  or  more  carefully 
selected  negatives  for  practice,  I  am  inclined  to  think  the 
sale  of  negative  outfits  would  be  promoted,  and  a  broader 
basis  for  persistent  amateur  practice  be  encouraged.  Now, 
a  word  as  to  the  literature  of  the  school.  In  the  earlier 
stages  it  consisted  of  brief,  carefully  prepared  instructions 
upon  the  exercivSe  in  hand,  first   given   orally,  perhaps  with 
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comment,  and  then  posted  in  the  room  for  reference,  all 
vsupplemented  by  lectiirettes  of  twenty  minutes  at  the  open- 
ing each  morning,  upon  such  topics  as  the  practice  for  the 
dav  and  the  experience  of  the  previous  day  suggested. 
Their  own  experience  rapidly  put  flesh  on  these  outlines, 
and  especially  with  the  encouragement  in  the  use  of  the 
ever-present  note-book  and  always-pointed  pencil,  which 
always  accompany  systematic  and  thoughtful  work.  At 
the  close  of  the  school  they  were  not  only  prepared  to  use  a 
photographic  hand-book,  but  it  had  become  a  felt  want.  But 
I  leave  this  subject  of  schools  of  amateur  photography  with 
the  simple  expression  of  the  opinion,  founded  on  facts  con- 
tinually forcing  themselves  on  my  attention,  that  there  is  a 
place  for  such  schools;  that  there  may  not  be  much  money 
in  them,  but  that  they  would  at  least  repay  financially,  and 
would  furnish  much  pleasure  to  all  pa.rties. 

But  there  is  a  more  purely  educational  phase  of  this 
subject.  Not  many  years  ago  'text-book  cram  was  con- 
vsidered  a  quite  satisfactory  method  of  instruction  in  science 
and  if  to  it  were  added  lectures  with  illustrative  experi- 
ments, nothing  more  seemed  necessary  or  possible.  In 
recent  years  work  by  the  student  is  recognized  as  having  a 
value  of  its  own,  not  only  for  the  acquisition  of  fruitful 
knowledge,  but  of  still  more  fruitful  mental  discipline, 
which  latter  many  still  contend  is  the  chief  end  of  a  liberal 
education.  Whilst  it  is  not  necessary  to  concede  that  that 
knowledge  which  may  be  useless  is  best  adapted  to  mental 
discipline,  it  can  with  propriety  be  claimed  that  photo- 
graphic practice,  as  part  of  a  liberal  education,  must  be 
judged  by  the  same  rule  that  applies  to  the  other  branches; 
that  even  if  the  camera  be  laid  aside,  never  to  be  employed 
again,  the  discipline  involved  in  practice  with  it  would 
remain  just  as  truly  as  that  incident  to  the  study  of  alge- 
bra or  of  trigonometry  to  say  nothing  of  the  calculus,  never 
employed  in  after  life,  or  of  Latin  and  Cxreek,  never  read  or 
spoken,  or  even  of  that  practice  of  music,  often  so  faith- 
fully carried  out  in  early  life,  only  to  be  entirely  laid  aside 
later  on.  Now,  in  the  early  introduction  of  laboratory 
practice  by  the  student,  it  seemed,  in  the  nature  of  the  case, 
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restricted  to  chemical  work,  and  ahvavs  attended  with 
liability  to  run  into  mechanical  methods,  bv  reason  of  the 
general  uniformity  of  the  processes,  as  well  as  the  similarity 
of  the  phenomena.  Physical  phenomena  more  varied  in 
character,  involving  broader  generalizations,  and  more 
numerous  laws,  capable  of  mathematical  expression,  and  of 
ready  verification  were  excluded  by  reason  of  the  demand 
they  seemed  to  make  for  apparatus,  space,  and  time,  and  an 
apparent  necessity  for  high  mathematical  attainments  as  a 
basis  of  their  study.  Now,  recognizing  the  principle  of  the 
best  attainable  results  with  the  apparatus  employed,  and 
realizing  that  it  is  not  the  extent  of  mathematical  acquisi- 
tions, but  rather  the  ability  to  apply  that  is  called  into 
requisition,  and  that  the  educational  value  of  a  physical 
laboratory  may  lie  far  below  the  line  of  the  calculus,  arith- 
metic, and  eleinentar}'  .algebra,  trigonometry  and  analvtical 
geometr}'  have  new  value  and  interest  imparted  to  them. 
Photography  presents  marf\'  features  that  led  me  to  adopt 
it  as  a  laboratory  exercise  many  years  ago,  and  to  retain  it 
at  present  in  the  physical  laboratory  as  a  valuable  educa- 
tional means.  It  is  recommended  by  the  wide  range  and 
varied  character  of  its  operations,  from  the  simple  blue 
print  to  the  highest  scientific  applications,  as  well  as  by  the 
progressive  character  that  inav  be  given  to  its  exercises. 
In  common  with  many  other  minor  arts,  its  results  are 
things,  not  simply  facts.  They  can  speak  for  themselves, 
and  are  in  the  main  permanent,  can  be  referred  to  at  any 
time,  and  are  comparable  with  subsequent  results.  Atten-^ 
tion  can  be  called  by  the  instructor  to  their  different 
qualities  at  different  times.  It  also  recommends  itself  by 
the  severe  test  it  affords  at  every  stage  of  patience, 
thoughtfulness,  manv-sided  attention  to  minute  details, 
promptness  in  judgment  and  promptness  of  response  in 
manipulation,  as  well  as  of  skill.  The  work  of  the  tvro,  to 
the  experienced  instructor;  bears  the  easily  recognized  ear- 
marks of  neglect,  or  thoughtlessness,  or  ignorance,  or  want 
of  skill  at  any  stage.  The  learner  soon  discovers  that 
nature  recognizes  no  conditions  as  minor  or  trifling  in 
photography. 
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It  mav  be  objected  by  some  that  photography  is  largely 
qualitative,  but  it  might  be  reasonable  to  inquire,  whether 
physical  laboratory  practice  is  not  made  to  consist  too 
exclusively  of  precise  measurements.  Work  may  require 
skill,  closeness  and  precision  of  observation,  and  all  the 
qualities  developed  in  the  highest  degree  by  quantitative 
work,  and  yet  not  consist  in  fundamental  measurements  of 
lengths,  and  angles,  and  weights,  and  time.  It  may  not 
seem  to  those,  who  merely  read  the  advertisements,  that 
photographic  practice  requires,  and  encourages  careful, 
thoughtful,  precise  work  and  skill.  But  nothing  is  more 
deceptive..  A  few  years  ago  a  section  of  students  starting 
in  upon  photography  appointed  a  historian.  He  had  a 
voluminous  account,  but  much  of  what  the}-  had  learned 
was  condensed  in  the  inotto  of  the  title  page  :  "  It  looks 
easy — try  it."  Indeed,  very  little  practice  renders  it  a 
wonder  that  any  perfect  negative  should  run  the  gauntlet 
of  all  the  possibilities  of  failure.  The  demands  upon  the 
average  man,  too,  are  rather  qualitative  than  quantitative. 
for  quickness  in  estimating  when  the  measuring  stick  can- 
not be  applied.  The  expert  samples  wheat  without  measur- 
ing the  size  of  the  grains  to  a  fraction  of  a  millimetre,  or 
weighing,  though  both  size  and  weight  enter  into  his  esti^ 
mate.  In  same  way  the  quality  of  fabrics,  as  well  as  wool, 
cotton,  is  estimated.  Even  the  physician  in  his  diagnosis 
is  qualitative  beyond  the  thermometer.  With  the  expert 
photographer  this  unconscious  judgment  that  decides  a 
negative  to  be  first-class,  before  he  begins  to  tell  you  why, 
seems  almost  a  matter  of  feeling.  Uuality  in  these  cases  is 
the  sum  of  many  conditions,  and  as  far  as  they  are  quan- 
titative, rapidly  estimated,  not  measured.  In  an  educational 
photographic  course  there  is,  however,  some  choice  of  pro- 
cesses. Much  that  I  have  said  in  regard  to  blue  prints  may 
apply  here,  but  for  yaried  and  peculiar  excellences  in  this 
respect,  perhaps  no  process  can  be  compared  with  the  wet 
collodion  process.  If  it  did  not  exist,  it  would  be  advisable 
to  invent  it  for  instruction.  It  allows  the  use  of  comfortable 
and  abundant  light,  something  not  to  be  overestimated  in 
the  early  practice  of  photography.     The  picture  lies   upon 
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the  surface  and  manifests  its  qualities  rapidly.  More  pro- 
cesses come  under  the  observation  and  control  of  the  student, 
and  yet  it  is  more  rapid,  in  that  completed  results  are 
reached  more  quickly  than  with  the  dry  plates.  Many 
experiments  thus  can  be  made  in  a  comparatively  short 
time.  It  is  inexpensive,  so  that  there  can  be  no  restraint 
on  investigation  by  any  thought  of  expense.  But,  perhaps, 
its  chief  value  lies  in  the  concentration  in  the  briefest 
interval  of  time,  of  all  the  operations  mental  and  physical 
that  contribute  to  a  perfect  result — manipulation,  observa- 
tion, judgment.  As  you  pour  the  developer  upon  the 
exposed  plate  every  fraction  of  a  second  may  be  critical, 
especially  -with  some  kinds  of  work,  as  lantern  slides.  Not 
only  close,  quick  observation,  but  prompt  decision  as  to  the 
quality  of  the  picture,  and  equally  prompt  response  of  the 
hand  to  the  judgment  formed,  involving  skill,  are  all 
required.  There  lie  between  the  perfect  result  and  the 
barely  passable  one  very  few  seconds  in  development.  I 
sometimes  feel  as  if  no  photographic  experience  can  be 
complete  without  familiaritv  with  some  such  process  as  this. 
We  have  spoken  of  failures  bv  the  tyro,  but  among  them 
are  many  the  tendency  to  which  he  will  never  outgrow,  and 
which  should  therefore  cause  no  discouragement.  Anyone 
is  liable  to  get  two  pictures  on  one  plate.  No  registering 
device  will  insure  against  it.  Even  in  giving  a  student 
instruction  upon  this  point  the  first  puzzling  indications,  on' 
one  of  the  plates  under  development,  rapidly  grew  into  two 
dogs  in  two  wagons  in  inverted  positions,  the  unexpected 
interest  in  the  picture  somehow  confusing  the  record  of 
exposures.  An  experienced  amateur,  a  D.  I).,  had  just 
made  a  snap-shutter  exposure  on  an  interesting  young 
party  plaving  with  bean-bags  in  the  open  air.  The  picture 
was  full  of  graceful  poses  and  bags  in  mid-air,  and  I  play- 
fully cautioned  him  not  to  get  another  picture  on  the  plate. 
He  drew  out  his  record  book  and  pencilled  down  the  memo- 
randum, with  air  of  one  who  had  had  some  experience  in  that 
line.  but.  I  learned  afterward  that,  on  development,  there 
appeared  upon  the  plate,  alsi),  the  horse  and  buggy  of  a 
friend,    hastily    taken,    with    that    obliging    spirit    of    all 
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amateurs,  upon  a  sudden  call.  vSo  in  the  development,  a 
plate  exposed  on  a  large  stone  building  exhibited  the 
startling  effect  of  faces  peering  out  of  many  of  the  stones, 
of  a  group  that  had  already  pre-empted  the  plate.  Instances 
of  the  kind  are  numerous  in  every  ones  later  as  v/ell  as 
earlier  experience,  sometimes  provoking  but  always  ludi- 
crous. A  question  is  often  asked  as  to  the  desirability  of 
the  companionship  of  a  camera  on  a  trip  to  Europe.  That 
depends  greatlv  on  whether  the  camera  will  become  the 
master  or  can  be  kept  the  servant,  whether  the  tendency  to 
multiply  exposures,  where  there  is  so  much  worth  taking 
can  be  restrained  within  anything  like  reasonable  limits. 
If  so,  it  may  be  a  very  desirable  adjunct.  But  if  it  is  allowed 
to  convert  a  trip  into  a  picture-taking  excursion,  much  of 
the  real  pleasure  and  profit  of  such  a  trip  may  be  sacrificed, 
and  the  pictorial  results  will  be  a  poor  return.  On  the 
steamer  emplovment  with  the  camera  might  prove  an  effec- 
tive prophylactic  against  seasickness,  or,  at  least,  as  I  have 
found  it,  a  great  relief  from  the  ennui  of  the  voyage,  and 
productive  of  interesting  souvenirs.  There  are  those  who 
hesitate  to  take  a  child  of  three  or  four  years,  v\'ho  have 
little  doubt  about  their  being  able  to  manage  a  camera. 
My  own  experience  with  both  is  the  reverse.  On  several 
occasions  I  have  had  the  three  and'  a  half  year  old  child 
and  the  camera.  The  latter  was  shipped  direct  to  the 
point  in  Switzerland — the  Zermatt  region — where  views, 
not  then  in  the  market,  were  desired,  and  there  all  the  time 
and  attention  required  were  devoted  to  it,  and  it  was  then 
shipped  as  directly  back  to  port  on  its  way  to  America,  that  it 
might  not  lead  into  temptation  along  the  route  of  travel. 
But  the  child  always  made  the  whole  trip  and  enriched  it  with 
views  peculiar  to  young  eyes.  As  to  the  size  of  outfit  in 
anv  case,  for  beginners,  I  invariably  advise,  4x5,  unless 
there  are  peculiar  reasons  for  a  different  size,  or  any  inclina- 
tion toward  stereoscopic  pictures,  in  which  case  I  as 
uniformly  encourage  it,  and  advise  the  8x5  outfit.  Many 
monocular  views  in  Europe  and  elsewhere  have  a  very 
limited  value  comjjared  with  that  of  the  stereoscopic  com- 
bination.       Thus    m\-    own     uiacier    \iews     reveal     almost 
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nothino^  as  sing-le  pictures  or  lantern  slides,  but  as  stereo- 
g"raphs  possess  a  high  value. 

(xreat  discouragement  in  the  practice  of  stereoscopic 
photography  has  doubtless  resulted  from  the  fact  that  for  so- 
many  subjects  glass  stereographs  are  almost  indispensable 
to  produce  the  highest  effect,  and  these  have  presented 
peculiar  difficulties  in  their  preparation  in  proper  position 
and  of  proper  size  on  the  glass,  but  I  would  suggest  that 
if  the  recently  introduced  transparent  flexible  films  are 
adapted  to  stereography,  the  production  of  transparent 
stereographs  would  be  so  simplified  as  to  bring  them,  as  far 
as  their  preparation  is  concerned,  in  competition  with  paper. 
The  two  binocular  pictures  could  be  printed  separately,  and 
mounted  between  thin  cards  with  openings  cut  in  them  of 
the  proper  size  and  at  proper  distance  from  centre  to  centre, 
as  I  have  done  with  mica  plates.  They  could  readily  be 
made  to  fold  in  the  middle  and  be  sent  bv  mail.  I  will  only 
add  a  word  upon  what  might  be  called  the  amateur's 
developer,  with  hydroquinone.  My  first  trial  w^as  with 
Balagny's  formula,  with  stock  solutions  as  follows  :  Sulphite 
of  soda  (cr3''st.)  25  grammes,  water  100  cc. ;  carbonate  of 
soda  50  grammes,  water,  200  cc. ;  hvdroquinone  2  grammes, 
alcohol  20  cc.  The  developer  was  mixed  from  these  stock 
solutions  in  proportions  given.  Simple  in  preparation, 
requiring  few  ingredients,  prompt  and  controllable  in  action, 
suitable  for  plates  of  all  makes  and  bromide  paper  as  well, 
remaining  clear  and  retaining  its  developing  qualities  for  a 
month  at  least,  in  spite  of  frequent  use.  and  withal  inex- 
pensive, it  seemed  to  possess  every  desirable  quality.  A 
second  developer,  made  up  from  the  same  stock  solutions  a 
few  weeks  later,  became  dark  and  muddy  in  early  stages  of 
development  with  the  first  plate.  As  I  have  received 
similar  complaints  by  others,  I  would  simply  sa}'  that  by  the 
substitution  of  freshly  prepared  solution  of  sulphite,  for  the 
old  stock  solution,  this  objectionable  featiire  disappeared. 
Doubtless  the  formula  just  given  may  not  be  the  best  for 
all  purposes,  but  is  susceptible  of  ready  modification,  and 
with  flexible  films  will  reduce  much  the  trouble  and  uncer- 
tainties of  tourist  photography. 
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Fif;.  />. —  I'.tching  sliowinjr  same  character  of  unsi 
less  degree, 


unclness  as  Fig.  j,  but 


Fig.   5. —  Rail    which    broke    in    service,  causing  a  wreck.       Shows    result    of 
longitudinal  defects  in  the  ingot  from  which  it  was  rolled. 


Fig.  8. — Etching  of  a  nearly  sound  rail. 
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Fig.  7.— Etching  of  same  type  as  Fi^.  6. 
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KlG.  9. — Etching  taken  from  a  rail  which  had  rendered  good  service, 
which  presents  a  sound  and  fine-grained  metal. 
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Fig.  6. — Etching  showing  same  character  of  unsoundness  as  Fig.  j,  but  in 

less  degree. 


Fig.  7. — Etching  of  same  type  as  Fig.  6. 
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Fig.   I. — Ingot  placed  on  its  side  before  interior  steel  had  solidified. 


Fig.   3. — Ingot   placed   on   its   side   before   interior   steel   had   solidified. 


Fig.   ;.— Ingot   fr 


n    as   I-ii^.  I,  but   allowed   to  remain    on    end    until   cold. 


Fig    4 — Ingot   from    same   conversion    as    Fit^.  3,   but   allowed    to   remain    on    end    until    cold. 
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Fig.   I. — Ingot  placed  on  its  side  before  interior  steel 


P'k;.   3. — Ingot    from    same    conversion    as    tii^.  i,  but   allowed    to 
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The  manufacture  of  BEvSSEMER  STEELS. 


By  Robert  W.  Hunt. 


\^A  lecture  delivered  before  the  Franklin  Institute,  fanuary  21 .  iSSq.  ] 

The  Secretary  of  the  Institute  introduced  the  Lecturer, 
who  spoke  as  follows  : 

Members  of  the  Institute,  Ladies  and  (Gentlemen: 

It  mav  seem  strange  to  some  of  you  that  I  should  speak 
•of  Bessemer  steels.  All  metal  made  by  the  acid  Bessemer 
process  is  generally  called  Bessemer  steel,  whether  the 
reference  is  made  in  either  a  commercial  or  technical  sense. 
With  this  I  have  no  fault  to  find  from  a  commercial  stand- 
point, but  do  think  technically  it  is  too  general. 

I  remember  so  vividlv  the  troubles  through  which  the 
Bessemer  process  pas.sed  in  its  earlier  days;  and  in  this 
connection  let  me  remark,  that  it  is  probable  that  many  of 
you  do  not  realize  the  comparatively  little  while  ago  those 
early  days  existed.  I  do  not  allow  myself  to  feel  old,  but  I 
k;now  it  was  after  the  throes  of  our  great  civil  war  had  made 
many  of  us  feel  that  we  had  already  played  a  man's  part  in 
the  great  drama  of  life,  that  the  first  heat  of  steel  was 
made  by  the  pneumatic  process  in  America. 

Many  and  mighty  have  been  the  changes  and  develop- 
ments since  that  time,  and  in  none,  and  by  none,  have  they 
been  greater,  or  assisted  more,  than  that  same  process.  One 
of  the  causes  which  for  a  long  time  operated  against  the 
general  adoption  of  Bessemer  metal,  was  its  being  all 
called  Bessemer  steel,  without  any  distinction  being  made 
as  to  its  grade.  In  fact,  the  makers  in  most  instances  did 
not  realize  the  vast  range  of  the  possibilities  of  the  process, 
and  themselves  regarded  it  all  as  one  metal.  It  was  expected 
to  make  either  a  good  rail,  razor  or  a  good  steam  boiler, 
with  an  occasional  jack-knife  thrown  in.  If  the  particular 
piece  of  steel  happened   to   be   suitable   for  the   razor,  the 
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manipulator  was  enthusiastic  over  the  new  metal,  until  he 
tried  making  boilers  from  plates  from  the  same  lot  of  ingots; 
he  then  became  loud  in  his  denunciations  of  its  utter  un- 
reliability. In  fact,  the  new  metal  was  expected  to  be  all 
things  to  all  men.  But  the  Swedes  have  proved  that  good 
razor  steel  can  be  made  in  the  Bessemer  converter.  Re- 
member, steel  rails  have  conquered  their  vast  domain,  and 
made  possible  the  world's  great  railroad  .systems  and  traffic, 
and  many  good  boilers  have  been  made  from  metal  treated 
by  the  same  general  process.  But  different  steels  were  used 
in  each  case.  In  other  words,  good  metal  can  be,  and  is, 
both  technically  and  commercially,  successfully  made  by 
the  pneumatic  or  Bessemer  process,  having  a  range  of  from 
about  0'05  per  cent,  to  one  per  cent,  of  combined  carbon. 

As  before  stated,  the  process  is  young  in  years,  but  it  has 
had  a  most  wonderful  development  in  both  details  of  opera- 
tion and  amount  of  production. 

With  vour  permission,  I  will  give  a  brief  resume  of  its  his- 
torv.  Henry  Bessemer,  w^hile  experimenting  in  1854  to  obtain  a 
suitable  metal  for  an  improved  cannon,  became  impressed 
with  the  belief  that  he  cotild,  by  forcing  air  and  perhaps 
steam  through  alreadv  melted  pig-iron,  decarbonize  and 
desiliconize  it  sufficiently  to  produce  steel  and  wrought 
iron.  He  therefore  continued  his  investigations  and  experi- 
ments in  that  direction.  As  he  progressed  he  became  con- 
vinced of  the  value  of  his  ideas,  and  sought  to  protect  them 
bv  Letters  Patent.  He  obtained  his  first  English  patent 
October  17,  1854,  and  followed  it  quite  rapidly  with  others. 
His  American  patents  were  secured  February  12th  and 
Augu.st  25,  1856. 

Bessemer's  idea  was  to  decarbonize  the  bath  of  metal 
down  to  the  point  w^hich  would  be  suitable  for  the  grade  of 
steel  or  iron  he  sought  to  make.  The  physical  difficulties 
he  encountered  in  his  experiments  were  simply  appalling; 
in  fact,  these  troubles  did  not  disappear  until  some  years 
after  the  process  had  been  accepted  as  a  commercial  suc- 
cess. As  I  had  occasion  to  say  some  years  ago  in  relation 
to  these  difficulties,  "  It  has  required  faith  made  perfect  to 
carry  one  through  the  sea  which  .seemed  to  be  bounded  by 
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no  shores.  As  I  have  often  expressed  it,  if  we,  knowing- 
there  was  a  way  through  all  our  troubles,  felt  so  hopeless, 
what  must  have  been  Bessemer.'s  pluck  to  enable  him  to 
persevere  through  his  difficulties,  when  the  desired  end  was 
known  only  through  faith?" 

In  addition  to  the  physical  troubles,  he  encountered 
chemical  ones.  It  proved  impossible  to  always  stop  the 
decarbonization  at  just  the  proper  time  ;  and  generallv,  if 
the  percentage  of  carbon  was  as  desired,  the  metal  was 
worthless  from  its  red-shortness,  the  latter  being  caused  bv 
the  presence  of  burnt  iron,  or  iron  oxide,  which  was  formed 
by  the  oxygen  of  the  blast  acting  on  the  iron  during  the 
final  stages  of  the  process. 

A.  L.  Holley,  in  a  lecture  delivered  in  1873  at  the  Stevens 
Institute  of  Technology,  on  "  Bessemer  Machinerv,"  pre- 
sented the  following  eloquent  statement :  "  Within  the  six- 
teen years  that  have  elapsed  since  Bessemer  made  his  first 
trials,  his  process  has  ri.sen  from  a  nearly  abandoned  experi- 
ment to  the  production  of  a  million  tons  of  steel  per  year. 
It  has,  indeed,  progressed,  as  all  successful  processes  do — 
whether  fast  or  slowly — by  the  constant  aid  of  experiment 
and  failure  ;  but  the  rapidity  of  its  development  was  due,  in 
a  degree  not  often  precedented  in  the  iron  business,  to  the 
genius  of  its  inventor — especially  to  that  form  of  genius 
known  as  perseverance. 

"The  difiiculties  of  the  Bessemer  manufacture,  although 
great  enough  mechanically  to  require  a  radically  new  svstem 
of  enginery,  were  not  chiefly  mechanical.  As  soon  as  the  engi- 
neer had  surmounted  his  obstacle,  a  chemical  stumbling-block 
rose  up  in  the  way ;  and  his  discouragement  was  that  abso- 
lute mechanical  perfection  might  nev^r  lead  to  commercial 
success. 

"The  mechanical  problems,  however,  are  of  an  unsualh- 
difficult  character.  The  material  treated  is  in  a  fluid  state. 
As  a  rolling-mill  man  fitly  expressed  it,  'a  puddle-ball  or  a 
rail  pile  will  lie  still  on  the  floor,  if  anything  breaks  down  ; 
but  if  five  tons  of  y////^/. ^/rr/ gets  the  upper  hand  of  you,  there's 
no  telling  where  it  will  stop.'  Suitably  lining  vessels  to  hold 
and  handle  the  incandescent  fluid,  involves  all  the  chemical 
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and  structural  uncertainties  of  refractory  materials.  Extra- 
ordinary provisions  must  be  made  against  accidents,  and 
against  serious  losses,  if  they  do  occur.  The  reserve  must  be 
unusually  strong,  and  the  line  of  retreat  vigilantly  guarded. 
The  excessive  heat  of  fluid  decarburized  iron — not  less  than 
4,000°  F. — and  its  violent  erosive  action  as  it  boils  in  the  con- 
verter, demand,  not  only  hard  and  fire-proof  linings,  but  provi- 
sions for  quickly  renewing  them  ;  and  the  impossibility  of 
maintaining  the  temperature  while  the  metal  is  being  trans- 
ported and  cast,  requires  great  celeritv  and  certainty  in  these 
operations  ;  otherwise  the  metal  will  chill  into  mere  scrap. 
In  many  manufactures,  if  an  important  machine  fails,  a  little 
delay  and  immediate  repairs  are  the  only  loss  ;  but  here, 
constant  readiness  and  certainty  of  action  are  indispensable. 
Ten  seconds  delay  in  turning  down  a  converter,  when  a 
charge  is  blown  or  a  tuyere  fails,  may  involve  not  only  the 
ordinary  delay  and  repairs,  but  a  heavy  loss  on  the  product, 
and  extraordinary  repairs  on,  if  I  mav  so  say,  innocent 
organizations  which  have  been  drawn  into  the  general 
disaster." 

Mr.  Robert  Mushet,  of  the  Forest  Steel  Works  in  Eng- 
land, investigated  the  matter  and  solved  the  great  chemical 
trouble,  by  carrying  on  the  process  until  practically  all  the 
carbon  had  been  burned  out  of  the  charge,  and  then  adding 
enough  carbon  to  give  the  desired  result,  and  at  the  same 
time  adding  manganese  in  a  metallic  form,  which  from  its 
aflinity  for  oxygen  would  unite  with  the  oxygen  of  the  burnt 
iron  present  in  the  bath,  thus  restoring  such  iron  to  a 
metallic  state,  and  so  taking  away  the  red-shortness  which 
had  been  so  fatal  to  the  sound  working  of  the  metal.  By 
this  invention  the  BQSsemer  process  became  practical. 

Wx.  Mushet  was  granted  an  English  patent  on  Septem- 
ber 22,  1856,  but  so  little  did  he  realize  its  value,  that  being 
financially  depressed,  he  allowed  it  to  lapse  in  the  third 
year.  Fortunately  for  him  he  had  taken  out  an  American 
patent,  dated  May  26,  1857,  fi'om  which,  owing  to  our  laws 
being  better  calculated  to  protect  inventors,  he  has  received 
some  pecuniary  reward.  And  honor  is  due  to  Bessemer  for 
having,  after    his   own  enrichment,  settled    on  Mushet  an 
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annuity  of  iJ'soo.  The  British  Iron  and  Steel  Institute 
awarded  Mushet  in  1876  their  Bessemer  gold  medal. 
The  English  government  bestowed  the  honor  of  knight- 
hood on  Bessemer  and  from  the  royalties  accruing  from  his 
patents  he  has  received  several  millions  of  dollars. 

During  these  first  years  the  Bessemer  process  was  not 
regarded  as  a  success,  and  perhaps  nothing  did  so  much  to 
both  encourage  its  inventor  and  assist  him  in  obtaining 
pecuniary  backing,  as  the  success  obtained  from  the  process 
in  wSweden.  Fortunately  the  ores  of  that  country  were  low 
in  sulphur  and  phosphorus,  and  had  some  manganese. 
Thev  were  smelted  with  charcoal,  and  the  resulting  pig-iron 
was  of  exceptionally  pure  character,  containing  enough 
manganese  to  render  it  possible  to  make  sound  Bessemer 
metal  without  the  addition  of  manganese  after  the  con- 
version. Goran  Frederick  Goransson,  of  vSweden,  accom- 
plished this  with  such  success  and  in  .such  quantities  in 
1858  that  Bessemer  was,  as  before  stated,  not  only  encouraged 
to  further  efforts,  but  was  also  furnished  with  the  argu- 
ment no  doubt  much  needed,  "  The  Swedes  are  doing  it !" 

In  relation  to  this,  Akerman  says,  in  his  exhaustive  report 
on  the  "  vState  of  the  Iron  Manufacture  in  Sweden,"  vStockholm, 
1876:  "The  Bessemer  method  of  refining  has  been  used  in 
Sweden  from  its  first  origin,  and  it  is  even  doubtful  if  this 
process,  now  of  so  extraordinar\'  importance,  would  ever 
have  been  developed,  if  Herr  F.  Goransson  had  not  imme- 
diately after  the  publication  of  the  patent,  applied  himself 
with  such  determination  to  carry  out  exhaustive  experi- 
ments with  it.  For,  thanks  to  the  raw  material  employed, 
which  was  poor  in  phosphorus  and  in  other  respects  of 
specially  good  quality,  a  completely  satisfactory  Bessemer 
product  was  obtained  at  an  earlier  period  in  Sweden  than 
in  England,  and  the  condition  of  success  so  important  for 
this  process,  that  only  materials  poor  in  phosphorus  are 
suitable  for  it,  was  ascertained." 

Bessemer  was  not  the  only  one  whose  investigations 
were  directed  towards  the  effect  of  blowing  air  through 
melted  cast  iron.  In  fact  the  old  finery-fire  process  was  a 
well-known  and  wide-spread  example,  and  it  was  to  be 
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expected  that  further  development  should  be  sought. 
Joseph  Gilbert  Martien,  of  Newark,  N.  J.,  but  living  in 
London,  England,  was  allowed  an  English  patent,  vSeptember 
15,  1855,  for  refining  iron  by  blowing  air  and  steam  through 
it  as  it  ran  in  troughs,  while  being  conducted  from  the  blast 
furnace  in  which  it  had  been  made. 

William  Kelley,  of  Eddyville,  Ky.,  had  been  for  some 
years  experimenting  at  his  works  with  new  applications  of 
air  for  refining  purposes,  and  succeeded  in  commercially 
making  in  a  few  minutes  refined  metal,  which  had  taken 
some  hours  to  produce  in  the  old  finery,  or  run-out  fires. 
He  also  obtained,  experimentally,  some  malleable  metal. 
He  also  spent  all  of  his  own  money  and  all  he  could 
borrow. 

Bessemer  taking  out  American  patents  covering  the 
principles  which  Kelley  felt  he  had  discovered,  awakened 
him  to  the  importance  of  protecting  his  rights.  His  appli- 
cation resulted  in  interferences  with  Bessemer's  patents 
being  allowed  by  the  Patent  Office,  and  subsequently  the 
issuing  to  Kelley  of  patents  dated  January  10,  June  23,  and 
November  3  and  December  22,  1857.  His  action  prevented 
Bessemer  receiving  any  remuneration  from  his  American 
patents,  on  the  process,  but  did  not  affect  his  mechanical 
patents.  He  subsequently  sold  all  of  them  to  Messrs. 
Winslow,  Griswold  and  Holley,  of  Troy,  N.  Y.,  and  Kellev 
received  his  pecuniary  reward  through  the  sale  of  his 
patents  to  the  Kelley  Pneumatic  Process  Company,  which 
organization  also  acquired  Mushet's  American  patent.  As 
is  well  known  these  interests  were  all  consolidated  in  1866. 

Mushet  made  his  first  heat  of  good  Bessemer  steel  by 
the  addition  of  spiegeleisen  at  the  Forest  Steel  Works  in 
1857,  casting  it  into  small  ingots,  and  the  steel  was  used  for 
tool  purposes.  This  was  before  Bessemer  or  his  associates 
had  made  pneumatic  steel  in  cominercial  quantities. 

During  the  years  from  1854  until  the  new  process  was 
firmly  established,  the  iron  metallurgical  world  was  greatly 
disturbed  by  rumors  of  what  was  being  accomplished  by 
various  parties,  and  at  many  works  experiments  were  made. 

Percy  relates  that  had  it  not  been  for  an  accident  most 
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likely  Bessemer  would  have  lost  the  honor  of  his  discovery. 
In  October  or  November,  1855,  two  or  three  months  before 
the  issuing  of  Bessemer's  first  patent,  George  Parry,  of  the 
Ebbw^  Vale  Iron  Works,  fitted  up  the  hearth  of  a  reverbera- 
tory  furnace  with  a  series  of  pipes  in  which  many  holes 
had  been  drilled.  Plugs  were  inserted  in  these  holes,  and 
the  pipes  carefully  covered  with  refractory  material, 
which  was  dried,  the  resulting  cracks  filled  up  and  then  the 
plugs  withdrawn.  This  system  of  pipes  was  connected  with 
the  blast  from  a  blowing  engine,  the  furnace  brought  up 
to  a  high  heat  and  a  charge  of  melted  iron  run  into  it,  the 
blast  having  been  first  turned  on.  By  some  accident  a  leak 
occurred  in  the  furnace,  before  the  process  had  continued 
very  lorrg,  and  the  metal  ran  out  on  the  ground.  Mr. 
Parry  wanted  to  make  another  trial,  but  the  proprietors  of 
the  works  objected,  and  so  Bessemer's  glory  was  saved  to 
him. 

While  Mushet  was  waiting  for  the  completion  of  his 
small  converter  at  the  Forest  Works,  he  obtained,  early  in 
1857,  some  Bessemerized  metal,  or  metal  which  had  been 
desiliconized  and  decarbonized  by  the  Bessemer  process, 
from  the  Ebbw  Vale  Works,  and  remelted  it  in  ordinary 
steel  crucibles,  putting  forty-four  pounds  in  each,  to  which, 
when  melted,  he  added  two  pounds  of  melted  spiegeleisen. 
He  cast  ingots,  weighing  some  500  to  600  pounds,  and  from 
one  of  them  had  a  double-headed  rail  rolled  at  the  Ebbw  Vale 
Iron  Works.  This  was  put  in  the  track  of  the  Midland 
Railroad  at  Derby  Station,  at  a  point  where  iron  rails  had 
lasted  but  a  few  months.  The  steel  rail  remained  in  this 
service  until  June,  1873,  after  successfully  withstanding  the 
passage  of  over  one  and  a  quarter  million  trains.  This 
was  undoubtedly  the  first  Bessemer  steel  rail,  if  it  can  be 
rightly  so-called,  ever  put  into  service,  and  I  know  of  no 
record  of  a  previous  one  having  been  rolled. 

Notwithstanding  the  reported  success  of  the  process  in 
Sweden,  and  the  attention  which  it  had  attracted  in 
England,  it  met  with  much  opposition,  and  many  authori- 
ties of  note  did  not  hesitate  to  predict  its  failure.  I  can 
readily  understand  how  a  prudent  engineer,  to  sav  nothing 
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of  a  sensitive  capitalist,  must  have  felt  grave  doubts  about 
its  success  after  witnessing  one  of  the  "  messes,"  which,  for 
so  long  a  time,  were  such  prominent  and  persistent  features 
of  the  process.  The  percentage  of  waste  and  scrap  often 
exceeded  that  of  the  metal  which  was  gotten  into  ingots, 
while  it  was  almost  an  even  thing  whether  or  no  the  metal 
of  those  ingots  was  of  the  grade  desired.  So  it  was  not 
until  1863  that  active  steps  were  taken  towards  the  intro- 
duction of  the  process  into  America.  In  that  year,  the 
Kelley  Pneumatic  Process  Company  was  organized,  and 
they  soon  commenced  the  erection  of  experimental  works 
in  the  casting-house  of  a  blast  furnace  at  Wyandotte,  Mich., 
and  in  these  works,  in  the  fall  of  1864,  the  first  American 
pneumatic,  or  Bessemer  steel,  was  made,  the  works  being 
under  the  charge  of  Mr.  William  F.  Durfee. 

The  first  steel  rails  made  in  this  country  were  rolled  at  the 
old  or  north  side  mills  of  the  North  Chicago  Rolling  Mill 
Company,  on  May  24  and  25,  1865.  This  was  simply  an 
experimental  rolling  of  six  rails  from  steel  made  at  the 
Wyandotte  Works.  The  first  commercial  rolling  of  steel 
rails  did  not  occur  until  August,  1867,  when  the  Cambria 
Iron  Compan3%  at  their  mills,  in  Johnstown,  Pa.,  executed 
an  prder  for  the  Pennsylvania  Railroad  Company,  from 
steel  made  by  the  Pennsylvania  vSteel  Company,  at  their 
works,  near  Harrisburg,  Pa, 

From  that  time  on  the  advance  has  been  rapid,  and  the  . 
development  so  great,  that   the  history  of  the  early  days 
seems  like  a  dream. 

In  our  country's  centennial  year,  I  relieved  my  patriotism 
by  reading  in  this  very  hall  a  paper  before  the  American  Insti- 
tute of  Mining  Engineers  on  the  "  History  of  the  Bessemer 
Manufacture  in  America."  In  it  I  gave  with  great  pride  the 
largest  yields  which  had  been  made  by  the  various  American 
Bessemer  works,  and  compared  them  with  what  eight 
years  before  had  been  considered  satisfactory  results, 
when  10,000  tons  of  ingots  was  named  as  the  maximum 
annual  output  of  two  five-ton  converters.  I  find  on 
referring  to  that  "History"  that,  while  all  had  records  of 
which  to  be  proud,  the  North  Chicago  Rolling  Mill  Com- 
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pany  headed  the  column ;  their  banner  results  being  330 
gross  tons  of  ingots  for  twenty-four  hours;  1,583  gross  tons 
for  the  week,  and  6,457  gross  tons  for  the  calendar  month. 

To-night,  some  twelve  years  later,  I  can  give  figures 
quite  as  startling  in  comparison  with  these,  as  they  were  in 
relation  to  the  early  records.  If  I  am  correctly  informed 
the  largest  output  ever  reached  by  any  Bessemer  plant,  to 
say  nothing  of  being  produced  in  two  converters,  was  that 
of  the  Union  Steel  Company,  of  Chicago,  in  May,  1888, 
when,  in  their  two  ten-ton  converters,  they  made  the  fol- 
lowing record:  Best  twenty-four  hours,  1,448  1000/2240 
gross  tons;  best  week,  6,271  ^ross  tons;  calendar  month, 
28,145  1640/2240  gross  tons  of  ingots.  In  the  same  month 
they  rolled  on  one  rail  train  22,808  0799/2240  gross  tons  of 
rails.  While  this  gave  them  the  "broom,"  their  tenure  is  a 
precarious  one,  as  they  bfeat  the  best  work  of  several  other 
American  plants  by  a  somewhat  limited  margin. 

I  find  one  singular  fact  to  exist  in  this  connection,  and 
that  is,  in  my  "  History,"  previously  mentioned,  I  say,  in 
speaking  of  the  North  Chicago  Works:  "The  first  blow  was 
made  on  April  10,  1872,  under  the  direction  of  Mr.  Robert 
Forsyth.  ^^  -^  *  This  gentleman  has  ever  since  remained 
in  charge  of  the  converting  works,  and  has  been  most 
eminently  successful  in  his  management.  His  works  are 
to-day  making  the  largest  output  of  any  in  the  world."  And 
I  must  now  say  to  you  that  the  Union  Steel  Works,  of  Chi- 
cago, were  designed  and  built,  and  have  ever  since  been 
operated  under  the  management  of  the  same  gentleman. 
The  only  way  I  can  account  for  this  instance  of  "  history 
repeating  itself,"  is  by  again  quoting  from  my  history, 
where  I  said,  he  "had  received  his  Bessemer  education  at 
the  Troy  Works." 

The  product  of  Bessemer  steel  in  Great  Britain  and  the 
United  States  for  1887  is  given  by  James  M.  Swank,  General 
Manager  American  Steel  and  Iron  Association,  to  have 
been  5,025,436  gross  tons;  of  which  the  United  vStates  made 
2,936,033  tons,  or  more  than  one-half. 

In  1888  it  was  much  less,  owing  to  the  want  of  demand. 
The  totals  of  ingots  have  not  yet  been  ascertained  for  either 
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countr}-,  but  the  United  States  made  1,364,337  gross  tons  of 
rails. 

In  1887.  the  question  put  to  the  managers  by  the  eom- 
mercial  ends  of  the  Bessemer  steel-producing  organizations 
was  :  "  Can  you  make  all  we  can  sell  ?  "  In  1888,  unfortu- 
nately for  the  pecuniary  returns  of  the  business,  the  same 
gentlemen  informed  the  same  managers  that :  "  We  can't  sell 
what  you  can  so  easily  make."  I  expect,  if  such  had  not 
been  the  case,  Messrs.  Fritz,  Jones,  Bent,  vSmith,  Potter, 
{•t  al.,  would  have  compelled  Mr.  Forsyth  to  have  made 
another  record  to  have  retained  the  lead.  Hence,  we  may 
expect  new  best  figures  the  next  time  we  have  the  pleasure 
of  discussing  the  question.  There  does  not  seem  to  be  any 
limit.* 

Chemical  knowledge  and  investigation  earlv  plaved  a 
prominent  part  in  Bessemer  historv.  Unfortunatelv  the 
processes  of  the  analysts  had  not  then  reached  the  same 
refinetnent  of  determination  which  thev  possessed  later. 
Hence,  what  were  then  called  "  traces "'  are  now  accurately 
determined  and  found  to  be  of  sufficient  quantities  to 
account  for  some  of  the  earlv  unsatisfactorv  and  inexplicable 
results. 

After   the    application   of    Mushet's   invention,   and   the 


•^  As  anticipated,  the  output  of  the  Union  Steel  Company  has  been  sur- 
passed by  both  the  Norih  Chicago  Rolling  Mill  Company,  under  the  manage- 
ment of  E.  C.  Potter,  \'ii;e-President,  and  the  Edgar  Thomson  Steel  Works, 
directed  by  General  Manager  Capt.  \Vm.  R.  Jones. 

In  January,  1889,  North  Chicago  produced: 

Gross  tons  of  ingots, 27,427 

Gross  tons  of  rails, 22,976 

Their  best  work  for  twenty-four  hours  was  : 

Gross  tons  of  ingots, ii393 

Gross  tons  of  rails, '1248 

which  is  Still  the  best  on  record. 

In  March,  1889,  Edgar  Thomson  made: 

Gross  tons  of  ingots, ^i  ,izo    9002240 

Gross  tons  of  blooms, 27,790  1420,2240 

Gross  tons  of  rails, 25,342  2008/2240 

This  gave  that  works  the  "  broom."     Will  they  keep  it? 

April  I- ,  /SSc).  R.  W.  H. 
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development  of  Bessemer'.s  mechanical  devices,  and  the 
practical  determination  of  the  proportions  of  certain 
chemical  elements  which  rendered  some  irons  unfit  for  the 
process,  the  minds  of  metallurgical  investigators  of  both 
hemispheres  were  directed  toward  the  solution  of  the 
problem  as  to  how  those  impurities  could  be  eliminated. 
As  you  know,  phosphorus  was  the  element  exerting  the 
most  powerful  and  persistent  influence,  and  unfortunately 
the  largest  proportion  of  the  world's  available  iron  ore 
supply  contains  too  much  of  that  substance  to  permit  the 
use  of  metal  made  from  it  in  the  ordinary  Bessemer  pro- 
cess. In  it,  phosphorus  is  increased  to  the  extent  of  the 
loss  incidental  to  the  operation. 

Much  tim.e  and  money  have  been  spent  on  this  problem. 
Chemistry  taught  that  it  was  impossible  to  eliminate  phos- 
phorus in  the  presence  of  an  acid  slag,  and  that  it  was 
equally  out  of  the  question  to  have  a  basic  one,  so  long  as 
you  protected  your  converter  with  an  acid  lining.  There- 
fore, all  required  was  to  substitute  a  basic  one.  That  was 
easily  done,  but  the  trouble  was  to  find  such  a  lining  which 
would  resist  the  fluxing  action  of  the  charge  while  being 
decarbonized  and  desiliconized.  In  this  search  was  spent 
much  money  and  more  time. 

The  well-known  chemist  and  metallurgist,  George  J. 
Snelus,  of  England,  was  the  first  to  nearly  reach  practical 
success,  and  he  patented  his  invention  in  1872.  But  it  was 
some  five  years  afterward  that  vSidney  (rilchrist-Thomas, 
assisted  by  his  cousin  Percey  C.  Gilchrist,  was  rewarded  for 
their  exertions  by  making  an  absolute  success  of  dephos- 
phorizing iron  in  a  Bessemer  converter,  by  lining  the  same 
with  lime,  and  adding  lime  to  the  incited  iron.  This  they 
patented  November  22,  1877.  These  gentlemen  soon  con- 
solidated their  interests  with  Mr.  vSnelus.  The  process  is 
known  as  the  "  Thomas-Gilchrist  or  Basic  Process."  The 
solution  of  the  difficulties  in  making  the  linings  and  bot- 
toms of  the  converters  resist  the  action  of  the  charge,  was 
in  the  character  of  limestone  used  and  the  manner  of  pre- 
paring it.  But  it  was  also  discovered  that  the  pig-iron  to 
be  treated  must  also  be  within  certain  chemical  proportions. 
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In  the  regular  Bessemer,  or  acid  process,  the  burning  out 
of  the  silicon  of  the  iron  treated  is  largely  depended  upon  to 
furnish  the  necessary  heat  to  keep  the  metal  sufficiently 
liquid,  while  being  subsequently  cast  into  ingots,  to  avoid 
loss  from  "sculls  "  and  other  scrap,  consequent  upon  its  chill- 
ing. But  the  chemical  action  of  the  silicon  is  very  severe 
on  the  lime  linings,  and  as  it  was  found  that  the  elimina- 
tion of  phosphorus  caused  heat,  it  therefore  became  manifest 
that  the  metal  best  adapted  to  the  basic  process  was  one 
high  in  phosphorus  and  low  in  silicon. 

The  keeping  up  of  the  basic  linings,  lessening  of  product, 
and  other  details  of  the  basic,  requires  that  the  pig  metal 
used  must  cost  from  two  to  three  dollars  per  ton  less  than 
that  used  in  the  acid,  to  place  the  two  processes  on  an 
equal  commercial  basis,  leaving  out  of  consideration  any 
question  as  to  the  relative  value  of  their  resultant  metals. 

The  Thomas-Gilchrist  Process  is  extensively  used  in 
Europe;  the  greatest  development  being  in  Germany.  As 
yet  it  has  not  made  much  headway  in  the  United  States. 
The  Pennsylvania  Steel  Company  some  years  ago  made 
some  experiments  with  it  in  their  old  or  original  Bessemer 
plant;  and  since  then  Messrs.  Morris,  Wheeler  &  Co.,  have 
built  a  regular  basic  plant  at  Pottstown,  Pa.  Of  course, 
these  companies  met  with  the  usual  troubles  incident  to  the 
introduction  of  a  new  process,  but  I  suppose  the  greatest 
difficulty  has  been  their  inability  to  obtain  suitable  irons  at. 
a  sufficiently  low  price. 

After  the  application  of  Messrs.  Thomas  &  Gilchrist  for 
American  patents,  Jacob  Reese,  of  Pittsburgh,  urged  his 
claims  for  priority  of  invention,  and  it  resulted  in  Letters 
Patent  being  granted  him.  Considerable  litigation  has 
ensued,  and  no  doubt  the  uncertainty  attending  the  legal 
status  of  the  process  has  had  a  restraining  influence  on  the 
establishment  of  basic  works  in  the  vSouthern  States,  svhere 
it  would  seem  suitable  iron  could  be  cheaply  produced. 

There  have  been  numerous  other  patents  allowed,  but 
they  have  failed  to  attract  much  attention. 

As  is  well  known,  rails  have  absorbed  the  largest  propor- 
tions of  metal  made  bv  the  Bessemer  Process.     But  from  the 
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very  beginning  other  grades  of  steel  have  been  produced 
with  greater  or  less  success.  The  Swedes  have  continued 
since  Goransson's  early  experiments,  to  make  good  metal  of 
both  high  and  low  carbon  in  their  various  forms  of  Bessemer 
converters.  No  doubt  many  of  you  recall  the  wonderful  and 
beautiful  Swedish  exhibit  in  our  Centennial.  We  there  had 
steels  made  by  the  Bessemer  Process  worked  up  into  many 
forms,  from  heavy  forgings  to  the  most  incisive  cutting 
instruments  of  domestic  life,  surgery  and  war. 

The  stagnation  in  the  rail  business  at  various  periods. 
and  the  constantly  increasing  production,  have  been,  and 
are  a  constant  pressure  toward  putting  the  output  of  the 
converters  into  some  other  form.  I  devoted  much  attention 
in  this  direction  while  in  charge  of  the  Troy  Works,  and 
met  with  some  degree  of  success. 

In  regard  to  whether  certain  rails  are  of  the  best  quality 
or  otherwise,  generally  a  considerable  period  of  time  must 
elapse  before  the  question  can  be  definitely  answered,  but 
with  so-called  special  steels,  the  determination  is  reached 
much  quicker;  hence,  if  your  metal  does  not  make  good 
drills,  cutlery,  springs,  gun  barrels,  drop  forgings,  etc.,  the 
maker  hears  from  it  very  soon  in  a  manner  not  at  all 
pleasant,  and  he  has  much  less  opportunity  to  talk  back, 
than  when  treating  with  his  railroad  friends. 

Observant  steel  makers  have  long  realized  the  influence 
of  temperature  on  the  quality  of  steel  while  it  is  being 
made,  quite  as  much  as  during  its  subsequent  manipula- 
tions. This  is  true  whether  the  process  is  conducted  in  the 
crucible,  open-hearth  furnace,  or  Bessemer  converter.  But 
I  think  the  Bessemer  people  have  not  generally  been  as 
alive  to  the  importance  of  this  fact  as  their  brethren  of 
the  other  processes. 

Dr.  Thomas  M.  Drown,  in  his  paper  on,  "The  Latest 
Development  of  the  Bessemer  Process,  or  the  Blowing  of 
Small  Charges,"  read  before  the  Society  of  Arts,  Massa- 
chusetts Institute  of  Technology,  May  27,  1886,  treats  very 
intelligently  and  interestingly  on  this  subject.  But  he 
devotes  his  attention  to  soft  steels  or  ingot  irons,  giving 
results  obtained  by  the   Avesta,  Prevali,  and  Clapp-Griffith 


3/0  Hunt:  [J- F"- I- 

converters.  I  do  not  venture  to  dignify  any  of  them  as 
processes.  Perhaps  my  friend,  Harry  W.  Oliver,  will  appre- 
ciate the  cause  of  mv  timiditv. 

Let  me,  at  the  same  time,  say,  that  where  it  has  been 
intelligently  conducted  the  Clapp-Griffith  converter  has 
continued  to  yield  satisfactory  results. 

However,  the  importance  of  temperature  is  not  confined 
to  the  production  of  soft  metal,  it  extends  up  the  whole 
range  of  carbons. 

I  believe  now,  as  I  have  always,  that  the  more  nearly 
you  can  have  metal  composed  of  onlv  iron  and  carbon,  the 
closer  you  will  be  to  the  ideal.  Unfortunately  in  this,  as 
in  many  other  human  matters,  we  cannot  attain  that 
sublime  altitude,  and  so  must  be  content  to  do  the  best  we 
can  with  that  which  is  vouchsafed  us.  If  we  can  make 
one  impurity  offset  the  bad  effects  of  another,  we  will 
accomplish  the  results  which  will  be  more  orthodox  in  the 
metallurgical,  than  the  religious  world. 

As  we  are  forced  to  put  up  with  the  presence  of  silicon, 
sulphur,  phosphorus,  and  manganese,  we  must  endeavor 
to  compel  as  many  of  them  as  possible  to  be  our  allies. 
Leaving  phosphorus  out  of  consideration,  we  will  first  con- 
sider the  effects  of  silicon.  This  element  is  recognized  as 
valuable  in  rendering  steel  castings  sound,  or  free  from 
"blow-holes,"  but  has  been  generallv  regarded  with  disfavor 
by  other  steel  makers.  I  do  not  fullv  agree  with  them  in 
this  condemnation,  when  other  than  the  very  soft  or  high 
phosphorus  metals  are  considered.  vSome  years  ago  I 
made  quite  a  full  investigation  of  the  composition  of  various 
steels  of  approved  brands,  and  which  had  given  satisfaction 
to  many  users  for  various  purposes.  I  was  particularly 
interested  in  mv  silicon  results,  and  I  herewith  present 
some  of  them. 

A  sample  of  what  was  known  as  New  England  hoe  steel, 
used  with  satisfaction  by  Messrs.  Lane,  Gale  &  Co.,  in 
making  their  celebrated  "Planters  Hoes,"  gave: 

Carbon, 076 

Silicon 01 85 

Phosphorus oo59 

Manganese o'44i 
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The  same  firm  gave  me  a  sample  of  another  steel  which 
they  designated  as  "scarf  steel.     It  contained: 

Carbon, o  52 

Silicon, o"i5o 

Phosphorus, 0068 

Manganese, o*4o6 

The  Providence  Tool  Company  of  Providence,  Rhode 
Island,  at  that  time  filling  large  contracts  for  rifles  for  the 
Turkish  government,  used  for  the  "circles  and  plungers" 
of  the  gun : 

Carbon, 066 

Silicon 0171 

Phosphorus, o"057 

Manganese o"4i6 

The  Hartford  Machine  Screw  Company  used  a  steel  con- 
taining: 

Carbon 046 

Silicon,        o"223 

Manganese o"3i6 

Messrs.  Huntly  &  Babcock  of  Utica,  N.  Y.,  liked  a  brand 
of  steel  for  making  hoes,  with  the  following  composition : 

Carbon, o'6i 

Silicon o"'58 

Phosphorus, o-o86 

Manganese, o'445 

For  "Pitch"  and  other  large  forks  their  steel  gave: 

Carbon o'^S 

Silicon 0-241 

Phosphorus, 0073 

Manganese, 0.610 

The  Remingtons  gave  me  samples  of  steel  which  they 
liked  for  making  "  Planters'  "  hoes,  which  analyzed  : 

Carbon o'S^ 

Silicon 0-150 

Phosphorus 0-043 

Manganese ". 0-376 
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For  "goose-neck"  hoes  : 

Carbon 053 

Silicon, o'249 

Phosphorus o'040 

Manganese, o'4i3 

In  Spring  steels,  I   found  "  Jenk's "   English,   a  favorite 
brand,  had : 

Carbon,        o"64 

Silicon o"i45 

Phosphorus o'o88 

Sulphur,       0*005 

Manganese, none 

A  second  sample  obtained  from  another  user  gave : 

Carbon o'52 

Silicon 0M50 

Phosphorus, 0060 

Manganese o"034 

One   sample   of   "Greaves"    Swedish   spring   steel  ana- 
lyzed : 

Carbon o'53 

Silicon, o'lio 

Phosphorus o"030 

Sulphur, o'oi5 

Manganese, none 

Another  sample : 

Carbon 076 

Silicon, 0*84 

Phosphorus, o'oiS 

Manganese o'oSj 

Naylor's  spring  steel,  from  the  Bridgeport,  Conn.,  Works, 
contained : 

Carbon, o'65 

Silicon o'i85 

Phosphorus 0'I02 

Manganese none 


May,  1889.]  Mannfactiirc  of  Bessemer  Steels.  373 

Leaving  these,  which  may  be  considered  of  the  coarse 
grades  of  steel,  we  will  consider  steel  used  by  the  Johns- 
ville,  N.  Y.,  Axe  Works  for  hatchets.     It  analyzed : 

Carbon, 070 

Silicon o'27o 

Phosphorus, o'04i 

Manganese, o"i95 

A  Steel  used  by  Ames  &  Co.  for  making  swords  had : 

Carbon, o  64 

Silicon, o  258 

Phosphorus, o'oiy 

Manganese, o'453 

A.  S.  Alillard,  a  celebrated  maker  of  scythes,  gave  me  as 
representing  a  German  brand  of  steel,  which  he  had  used 
with  the  utmost  satisfaction  for  thirty  years,  a  sample  which 
contained: 

Carbon, o  63 

Silicon, 0127 

Phosphorus, 0'056 

Sulphur,        o'oo5 

Manganese, o"2i2 

Of  cutlery  steels,  Messrs.  Sanders,  Ferry  &  Clark,  New 
Britain,  Conn.,  gave  me  "knife"  steel  having: 

Carbon 051 

Silicon 01 8 

Phosphorus, 0029 

Manganese, o'265 

"Fork"  steel: 

Carbon, 0*49 

Silicon o'335 

Phosphorus 0'03 

Manganese 0444 

Also  a  sample  of  Park  Bros.  &  Co.'s,  cutlery  steel,  con- 
taining: 

Carbon o'6i 

Silicon, o*2io 

Phosphorus, 0*046 

Manganese, 0*402 
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Messrs.  Park  Brothers'  Black  Diamond  Tool  Steel,  which 
then  sold  at  fourteen  and  one-half  cents  a  pound  had : 

FIRST    SAMPLE. 

Carbon o  88 

Silicon o"23o 

Phosphorus 0023 

Manganese, 01 4 

SECOND   SAMPLE. 

Carbon 085 

SiUcon o"204 

Phosphorus, 0*022 

Manganese trace 

Frith's  English  tool  steel  contained  : 

Carbon, 0-85 

Silicon 019 

Phosphorus 0022 

Manganese, 01 74 

Another  sample  of  Park  Brothers'  Black  Diamond  Tool 
vSteel  analyzed  : 

Carbon o*86 

Silicon o-2i6 

Phosphorus, o"03o 

Manganese, 0091 

I  have  before  related  that  while  I  was  making  these 
investigations,  and  at  the  same  time  endeavoring  to  produce 
in  the  Bessemer  converter  steels  to  take  the  place  of  those, 
or  as  it  was  apt  to  be  commercially  put,  "fill  the  bill  at  a  less 
cost,"  I  made  a  visit  to  the  works  of  a  firm,  the  members  of 
which  were  and  are  highly  esteemed  by  me,  and  whose 
products  of  the  higher  grades  of  steel  have  the  very  highest 
reputation.  These  gentlemen  have  always  been  progressive, 
and  therefore  their  utterances  are  not  likely  to  be  controlled 
bv  prejudice  ;  hence  carrv  with  them  great  weight.  On  the 
occasion  of  my  visit  I  was  full  of  what  I  was  accomplishing 
in  my  converter.  They  treated  me  kindly,  but  said  I  must 
not  expect  too  much.  That  in  making  the  harder  steels  I 
would  find  silicon  my  constant  enemy.  As  they  happened, 
while  we  were  talking,  to  be  testing  a  piece  of  their  own 
steel  which  was  yielding  splendid  results,  one  of   them  said 
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to  me  :  "  My  dear  fellow,  when  you  can  make  such  steel  as 
that  in  your  Bessemer  converter  we  will  betrin  to  believe  in 
it."  I  was  thrown  into  a  depressing  state  of  humility  and 
could  with  difficulty  muster  courage  to  beg  a  piece  for 
analysis.     It  was  most  cheerfully  given.     The  result    was  : 

Carbon, o'86 

Silicon o'3o6 

Phosphorus 0016 

Manganese, o  19S 

About  this  time  several  American  makers  of  rifles  and 
pistols  were  filling  European  contracts  for  both  the  Russian 
and  Turkish  governments.  Most  of  them  were  using 
foreign  iron  and  steel ;  the  iron  being  of  special  brand 
known  as  "  Marshall."  Supplying  the  requirements  of  these 
firms  presented  a  tempting  field,  and  we  devoted  ourselves 
to  it.  It  did  not  prove  such  an  easy  matter  as  we  fondly 
hoped,  and  it  was  only  after  numerous  trials  and  some  fail- 
ures that  we  attained  success.  Hut  we  soon  learned  that  to 
give  a  satisfactory  gun-barrel  steel,  the  manganese  must  be 
kept  somewhat  low.  Increasing  it  might  make  the  steel 
sound  and  roll  well,  but  it  also  caused  it  to  throw  a  long 
chip  before  the  drilling  tool.  This  was  very  objectionable, 
as  such  chips  would  throw  the  necessarily  long  and  slender 
drills  out  of  line,  and  thus  cause  them  to  run  to  one  side  of 
the  rifle  barrel.  A  verv  satisfactory  metal  had  the  follow- 
ing composition  : 

Carbon, 0*29 

Silicon, 0-2I2 

Phosphorus 0048 

Sulphur o'o65 

Manganese 0'370 

It  is  well  known  that  manganese  has  a  strong  influence 
on  the  tempering  characteristics  of  steel.  Therefore,  it 
must  not  be  in  excess  in  any  metal  which  will  be  tempered. 
It  causes  water-cracks  and  other  undesirable  qualities. 

In  considering  rail  steel,  I  will  not  trespass  on  your  time  and 
patience  by  going  over  the  history  of  the  steel-rail  business, 
although  familiarity  with  it  is  necessary  to  fully  understand 
some  of  the  points  bearing  on  the  manufacture  of  rail  steel. 
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•Suffice  it  to  say  that  we  have  good  reason  to  feel  that  all  rails 
are  not  as  good  as  they  ought  to  be.  Perhaps,  regarded  in  the 
same  light  as  wearing  apparel,  they  are  good  enough  for  the 
money  paid  for  them,  but  as  rails,  some  rails  ought  to  be 
better. 

I  have  dwelt  somewhat  on  the  chemical  composition  of 
steels,  and  but  briefly  referred  to  the  effect  of  the  physical 
features  of  their  manufacture.  Let  us  return  to  that  branch 
of  our  subject.  When  general  attention  was  first  called  to 
the  somewhat  unsatisfactory  results  which  were  being 
obtained  from  the  wear  of  the  rails  made  during  the  later 
years,  great  stress  was  put  upon  their  chemical  composition, 
and  chemical  analysis  was  expected  to  tell  the  cause  of  the 
trouble.  This  branch  of  investigation  was  followed,  and 
several  interesting  and  ingenious  theories  built  up.  But 
unsatisfactory  rails  continued  to  be  inade,  and  the  analyses 
of  those  which  had  yielded  good  service  demonstrated  that 
many  of  them  were  at  variance  with  the  theories,  and  also 
that  their  chemical  composition  was  like  many  that  had 
failed — in  fact,  did  not  have  any  uniformity,  but  ran  through 
almost  the  entire  gamut- — it  would  seem  that  some  other 
than  chemical  causes  must  be  sought  to  account  for  their 
good  wear  and  the  bad  behavior  of  others. 

Rails  made  by  John  Brown  &  Co.,  of  England,  and  put 
down  on  American  railroads  some  years  ago,  have  been 
generally  held  up  as  ideal  rails,  and  the  American  makers 
for  a  long  time  supposed  that  when  these  rails  did  wear  out, 
so  that  they  could  be  anah-zed,  the  secret  of  their  good  ser- 
vice would  be  told.  As  illustrative  of  how  little  regularit}'^ 
or  purity  of  chemical  composition  influenced  their  wear,  I 
call  your  attention  to  the  analyses  of  thirteen  John  Brown 
rails,  all  of  which  had  filled  years  of  faithful  service,  and 
been  selected  as  bright  examples  of  what  good  rails  should 
be. 


Carbon. 

Silicon. 

Phosphorus . 

Sulphur. 

Manganese. 

Copper. 

I 

o'35 

o-o8 

0-128 

o-o68 

0-742 

0-048 

o 

o'39 

0*07 1 

0-156 

0-155 

0-662 

0-32 

3 

0*36 

o'io3 

0-125 

0*060 

0-815 

trace 

4 

070 

0-306 

o-iii 

0-058 

0-681 

o'oi6 

5 

o'36 

o"o69 

o'i53 

O'ljI. 

0-62 1 

0-043 
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Carton.  Silicon.  Plwsphorus.         Sulphur.  Manganese.         Copper. 

6  o"44  o-2o8  o'ogS  0-059  ro46  none 

7  o"45  o"io2  o'i28  o"io5  0616  o'o56 

8  o'36  o'oSy  o"i48  o'iSi  0625  none 

9  o'24  o'o68  o'i3i  o'io4  '    o'645  oooS 

10  o'37  o'Oji  0*098  o'05o  o"639  trace 

11  0-32  0-089  o'HS  '^''^11  0745  trace 

12  o'35  0*069  o'077  0*099  o'945  none 

13  0*28  0032  o'o84  o'053  0-312  none 

You  will  observe  that  the  carbons  rahged  from  0*24  to 
070;  silicon,  from  0-032  to  0-306;  phosphorus,  from  0-077  to 
0-156;  sulphur,  from  0-050  to  0-155;  and  manganese,  from 
0*312  to  1*046.  These  thirteen  rails  taken  as  a  whole  were 
chemically  a  "poor  lot,"  but  physically  most  excellent.  As 
these  results  are  fortified  bv  many  others,  we  are  compelled 
to  think  that  physical  peculiarities  of  their  manufacture 
must  account  for  their  superiority. 

In  a  paper  on  "Steel  Rails  and  vSpecifications  for  their 
Manufacture,"  which  I  had  the  honor  of  reading-  before  the 
American  Institute  of  Mining  Engineers,  I  gave  instances 
of  rails  having  practicallv  the  same  chemical  com.position 
and  of  the  same  sections  in  the  tracks  of  the  same  road  and 
subjected  to  the  same  conditions,  which  had  given  opposite 
results.     To  repeat  one   example;    a  rail   wore  soft  which 

analyzed : 

• 

Carbon 0*39 

Sulphur 0059 

Phosphorus 0085 

Manganese 0*722 

While  another  wore  hard  and  contained  : 

Carbon, 040 

Sulphur 0*064 

Phosphorus o*o8o 

Manganese ^'11^ 

I  also  took  the  position  that  rail  sections  were  largely 
responsible  for  the  good  or  bad  wear  of  the  rails  rolled  to 
them.  I  will  not  now  repeat  iny  argument  on  this  point; 
but  one  thing  is  certain,  no  matter  how  good  the  section 
may  be,  we  cannot  expect  satisfactory  results  unless  the 
Wholf.  No.  Vol.  CXXVII.— (Third  Series,  Vol.  xcvii.)  25 
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steel  going  into  it  is  properly  treated  in  all  the  stages  of 
the  rail's  manufacture. 

First,  the  temperature  of  the  conversion  must  be  con- 
trolled. vSecond,  the  recarburizer  must  be  thoroughly  mixed 
throughout  the  mass  of  blown  metal.  Third,  time  and 
opportunity  must  be  allowed  for  the  escape  of  the  confined 
gases.  Fourth,  care  must  be  exercised  in  pouring  or  cast- 
ing the  ingots;  not  only  in  keeping  the  steel  from  spattering 
against  the  sides  of  the  ingot  moulds,  but  also  that  the  final 
manner  of  pcniring  each  ingot  .shall  act  as  a  sink-head,  and 
the  gases  allowed  to  escape  so  that  an  excessive  length  of 
spongy  tops  to  the  ingots  shall  not  be  m.ade.  Fifth,  the 
ingots  must  not  be  taken  from  a  perpendicular  position  until 
the  interior  steel  has  had  time  to  solidify.  Sixth,  the  steel 
must  not  be  overheated  in  the  heating  furnace,  of  whatever 
form  it  mav  be,  either  while  in  the  shape  of  ingots  or 
blooms.  Seventh,  all  defects  should  be  carefully  cut  off  and 
out  before  the  steel  is  put  into  finished  shape.  Eighth,  the 
temperature  of  the  metal  while  receiving  the  final  passes, 
or  reductions  in  the  rolls,  should  be  low. 

Observe  these  rules,  and  the  steel  of  1889  will  be  just  as 

go(Kl  as  that  of   1868.     The  early  makers  did  not  know  so 

much  more  than  the  present  ones.     They  knew  much  less. 

In  fact  thev  blindlv  followed  as  closelv  as  possible  the  tradi- 
'  "  •  " 

tions  of  older  processes.  '  There  had  not  yet  been  any  made 
for  this  one.  We  do  not  want  to  advance  backwards,  but  we. 
will  not  gain  by  casting  away  that  which  has  proven  to  be 
good,  unless  we  can  replace  it  by  something  better. 

To  return  to  the  manner  of  casting  ingots,  and  the 
importance  of  keeping  them  in  an  upright  position  until 
the  interior  metal  has  solidified.  Rails  have  failed  at  the 
ends  by  crushing  down  and  splitting,  sometimes  the  one  or 
the  other,  other  times  both.  The  usual  reason  given  has 
been  that  enough  steel  was  not  sawed  off  the  end  of  the 
rail  after  it  was  rolled.  .When  this  statement  was  made, 
during  the  somewhat  celebrated  Dudley  steel-rail  discussion 
before  the  Mining  Engineers,  Dr.  Dudley  replied,  that  he 
had  found  rails  on  the  Pennsylvania  Railroad  which  would 
have  required  being  cut  in  tw(^  in  the  middle  and  both  ends 
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thrown  awav  ;  and  he  undoubtedly  was  right,  for  man}*  rails 
have  crushed  and  split  at  other  points  than  the  ends.  But 
we  did  not  seem  to  be  able  to  account  for  it  so  frequently 
happening. 

Last  summer  Mr.  Robert  Forsyth,  General  Manager  Union 
Steel  Company,  made  some  investigations  as  to  the  effect  of 
placing  ingots  on  their  sides  before  the  interior  steel  had 
solidified.  From  a  number  of  heats  he  had  one  ingot 
drawn  from  the  casting  pit  as  quickly  as  possible  and  laid 
on  its  side :  while  the  next  ingot  to  it  was  allowed  to 
remain  in  an  upright  position.  These  ingots  when  cold 
were  broken  under  a  drop,  and  photographs  taken  of  the 
pieces.  Mr.  Forsyth  has  kindly  placed  these  at  my  disposal, 
and  we  will  have  some  of  them  thrown  upon  the  screen, 
and  I  hope  the  pictures  will  be  plain  enough  for  vou  to 
appreciate  the  difference  in  the  character  of  the  several 
ingots.  Please  remember  that  they  are  in  pairs  from  the 
several  heats  of  steel,  so  that  the  same  historv  applies  to 
both  up  to  the  time  of  being  drawn  from  the  casting  pit. 
It  is  true  that  Mr.  Forsyth  was  hoping  to  sustain  the  theory 
that  ingots  should  remain  on  end,  and  so  we  most  likely 
have  presented  extreme  cases,  but  even  if  so,  it  is  shown  what 
can  occur. 

Fii^s.  I  and  j,  of  Plate  I,  are  of  ingots  too  quicklv  thrown 
upon  their  sides,  while  Figs.  2  and  4,  of  Plate  I,  are  of  their 
companion  ingots  which  had  been  allowed  to  stand  on  end 
until  cold.  In  the  former  are  plainly  shown  the  longitudinal 
cavities,  formed  by  the  settling  of  the  interior  liquid  steel ; 
while  in  the  latter  these  cavities  become  cup-shaped  at  the 
top  ends  of  the  ingots  and  can  be  cut  off.  Thev  are  coated 
with  iron  oxide  and  will  never  entirely  weld  up  during  the 
subsequent  working  of  the  steel.  Had  more  time  been 
taken  in  casting  these  ingots,  both  the  longitudinal  and  top 
cavities  would  have  been  less  ;  but,  as  before  stated,  these 
broken  ingots  illustrate  dangers  to  be  carefully  avoided. 

Following  these  (see  Plate  II)  we  have  sections  of  rails 
which  were  undoubtedly  rolled  from  ingots  with  such  longi- 
tudinal defects.  Fig.  5  is  from  a  photograph  of  a  broken 
rail  which  caused   a  wreck.     In  this  case  the  thinnest  wall 
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of  steel  surrounding  the  cavity  happened  to  fcn-m  the  top 
of  the  rail,  and  it  split  open.  Figs.  6  and  7  are  from  etchings 
of  rails,  which  plainly  show  the  same  character  of  defects. 
In  Figs.  S  and  g  we  have  etchings  from  sound,  close-grained 
rails ;  Fig.  g  showing  better  than  Fig.  8,  and  it  has  proven 
its  good  character  by  some  years  of  faithful  service. 

I  could  repeat  these  by  the  hundreds,  but  it  would  be 
needless  repetition  and  waste  of  time. 

I  am  indebted  to  F.  A.  Delano,  of  the  C.  B.  &  U.  R.  R.  Co., 
for  manv  etchings  of  rail  sections — these  among  others — 
and  feel  confident  his  careful  investigatiohs  will  result  in 
valuable  additions  to  our  knowledge. 

The  development  of  the  Bessemer  manufacture  has  been 
most  wonderful  in  the  increase  of  production  and  lessening 
of  cost.  I  believe  the  present,  while  a  lull  exists  in  the 
demand,  is  a  good  time  to  consider  means  looking  toward 
the  maintenance  of  the  quality  of  the  product  on  a  higher 
plane.  Having  so  completely  mastered  the  mechanical 
difficulties,  such  results  can  be  reached  without  adding  but 
a  trifle,  if  at  all,  to  the  cost  of  the  finished  steel.  Care  is 
always  true  economy.  If  cost  of  production  is  seemingly 
increased  by  more  time  being  taken  at  certain  points  of 
manufacture,  I  believe  that  it  will  be  more  than  made  up 
by  the  lessening  of  repairs  and  wear  and  tear,  and,  in  fact, 
the  time  itself  will  be  recovered  at  other  stages  of  the 
operation. 

There  is  one  remarkable  thing  connected  with  the 
American  history  of  this  process.  From  the  very  first  there 
has  existed  the  greatest  professional  rivalry  between  the 
various  works ;  at  the  same  time  the  warm  personal  friend- 
ships for  each  other  t)f  those  having  the  works  in  charge 
have  never  been  broken.  Always  willing  to  exchange  ideas 
and  experiences,  and  then  each  using  the  benefit  of  them 
to  push  ahead,  and  this  understood  and  acquiesced  in  by  all. 

While  the  loved  and  lamented  Holley  lived,  he  spread 
his  all-loving  nature  over  all  of  us.  Since  his  death  it 
would  seem  as  though  his  spirit  was  still  here  to  protect 
this  process  for  which  he  did  so  much,  and  to  shield  the 
happiness  of  those  who  loved  him  so  well. 
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REPORT  OF  THE  COMMITTEE  on    SCIENCE  and  the 

ARTS. 


The  mimeograph  DUPLICATING  SYSTEM  and  APPARATUS. 

[Xo.  1410.]  Hall  of  the  Franklin  Institute, 

Philadelphia,  December  i,  1888. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  Institute  of  the  State 
of  Pennsylvania,  to  whom  was  referred,  for  examination, 

the  mimeograph  duplicating  system  and  apparatus,  of 
thomas  a.  edison,  of  menlo  park,  n.  [., 

Report  that  :  The  application  is  made  under  date  of 
August  15,  1888,  by  F.  Z.  Maguire,  (rcneral  Agent  for  Penn- 
sylvania. 

The  apparatus  is  called  the  Mimeograph,  and  is  intended 
to  be  used  for  duplicating  autographic  and  type-written 
work,  drawings,  music,  etc.  In  its  operation  it  is  claimed 
to  be  an  improvement  on  pre-existing  methods  of  duplicating, 
including  some  new  features.  The  principle  employed  is 
not  new,  consisting  in  puncturing  a  sheet  of  paper  or  similar 
material  with  small  holes  along  the  lines  to  be  reproduced, 
thereby  making  a  stencil.  This  is  placed  on  the  surface  to 
be  printed,  and  a  coloring  material  rubbed  or  pressed  on  it, 
so  as  to  be  forced  through  the  holes  on  to  the  surface  below, 
which  is  thereby  printed. 

The  apparatus  for  autographic  duplicating,  and  the  oper- 
ation may  be  described  as  follows :  There  is  a  hardened 
steel  plate,  the  surface  of  which  is  covered  with  fine  points, 
to  the  number  of  about  200  to  the  square  inch,  formed  by 
scoring  it  with  grooves.  This  plate  is  made  one  and  one-half 
inches  or  three  inches  wide,  and  long  enough  to  extend 
across  the  width  of  the  stencil  sheet,  which  is  to  be  pre- 
pared, and  it  is  set  in  one  end  of  a  convenient  wooden  frame. 
A    slab    of    slate,  or  other  suitable  material,  is  set  in    the 
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remaining  portions  of  the  frame,  the  top  surface  of  all  being- 
flush,  and  making  a  level  bed.  The  stencil  sheet,  which  is 
a  thin  paper  covered  with  paraffine,  is  laid  on  this  bed,  the 
part  of  it  to  be  written  on  being  kept  over  the  steel  plate. 
The  writing  or  drawing,  which  it  is  desired  to  duplicate,  is 
then  done  with  a  smooth  pointed  steel  stylus,  which  is  used 
wnth  about  the  same  pressure  and  ease  as  a  lead  pencil. 
As  the  stylus  passes  over  the  stencil  paper  the  latter  is  pressed 
down  on  the  steel  points,  so  that  they  are  driven  through  it, 
making  numerous  small  holes  along  the  lines  which  the 
stylus  traverses.  The  stencil  thus  prepared  is  placed 
between  the  two  frames,  one  of  which  slides  within  the 
other,  and  is  clamped  down,  so  that  the  stencil  is  thus 
stretched  smooth  and  securely  held.  These  frames  carry- 
ing the  stencil  are  then  hinged  at  one  end  to  the  bed, 
the  sheet  to  be  printed  is  placed  on  this  bed  and  the 
stencil  brought  down  upon  it.  An  ink  roller,  covered 
with  semi-fluid  ink,  is  then  passed  over  the  stencil,  press- 
ing the  ink  through  the  holes  which  have  been  pierced 
in  it,  down  on  to  the  paper  below,  thus  making  the  desired 
impression  upon  it.  Printing  may  de  done  in  this  wav  very 
rapidly,  at  the  rate  of  several  hundred  an  hour,  and  one 
stencil  may  be  used  for  as  many  as  3,000  copies  before  it  is 
worn  out  by  the  enlarging  of  the  holes. 

To  prepare  a  type-written  stencil :  The  edges  of  a  sheet 
of  paraffine  paper  are  folded  over  a  piece  of  coarse  silk  cloth, 
back  of  which  is  laid  a  stiffening  sheet.  They  are  then 
passed  through  a  typewriter  in  the  ordinary  way,  except 
that  no  ribbon  is  used.  The  type  strikes  the  paratflne 
paper,  driving  it  against  the  silk  cloth,  which  is  termed 
"perforating  silk."  Wherever  the  type  strikes,  the  paraffine 
is  taken  up  by  the  cloth  on  the  other  side,  and  owing  to  its 
coarse  texture,  small  holes  a,re  pierced  through  the  paper  in 
the  lines  of  each  letter.  Copies  as  good  as  actual  type- 
written work  are  taken  from  the  stencil  thus  made  by  plac- 
ing it  in  the  printing  frartie  and  using  the  inking  roller  as 
before  described.  From  1,000  to  1,500  copies  may  be  made 
from  one  .stencil.  The  type  is  not  at  all  injured,  as  in  some 
processes,  merely  needing  occasional  cleaning. 
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The  sub-committee  has  examined  the  apparatus,  its 
operation  and  the  work  produced,  and  is  very  favorably 
impressed  with  the  results  obtained.  It  has  also  made  some 
investigations  into  other  methods  of  preparing  stencils  for 
printing,  and  in  no  instance  in  the  comparison  has  its  judg- 
ment been  unfavorable  to  the  mimeograph.  The  method 
employed  of  puncturing  the  stencil  sheet  from  below  upward, 
by  pressing  upon  a  slab  covered  with  numerous  small 
points,  is  believed  to  be  original  and  worthy  of  special 
commendation.  Perforations  so  made,  being  largest  toward 
the  surface  to  be  printed,  make  a  fuller  and  more  continu- 
ous line  than  those  made  from  above.  The  apparatus  is 
deemed  very  useful  for  the  purpose  for  which  it  is  designed, 
and  the  Sub-Committee  recommend  the  award  of  the  John 
vScott  Medal  to  the  inventor. 

[Signed]  W.  R.  Wharton, 

John  R.  McFetrh)ge, 
Wm.  McDevitt. 
Adopted  January  .?,  iSSg. 

[Signed]  S.  Lloyd  Wn-:GAND,  Chairman. 
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Hall  of  the  Franklin  Institute, 
Philadklfhia,  April   i6,  1889. 
Mr.  H.  Pemberton,  Jr.,  President,  in  the  Chair. 

Members  present :  Dr.  H.  \V.  Jayne,  Dr.  Wm.  H.  Wahl,  Dr.  E.  F.  Smith, 
Dr.  S.  C.  Hooker,  Dr.  H.  F.  Keller,  Dr.  D.  K.  Tuttle,  Prof.  Henry  Trimble, 
Prof.  R.  L.  Chase,  Prof.  N.  Wiley  Thomas.  Messrs.  T.  C.  Palmer,  Reuben 
Haines,  J.  H.  Eastwick,  VV.  L.  Rowland,  W.  W.  McFarlane,  W.  H.  Bower, 
F.  Lynwood  Garrison,  Lee  K.  Frankel,  A.  W.  Allen,  Dr.  Wm.  C.  Day  and 
three  visitors. 

The  Treasurer  made  a  brief  report,  stating  the  present  condition  of  the 
finances  of  the  Section. 

The  following  gentlemen  were  nominated  for  membership  in  the  Section  : 
Dr.  L.  I.  Morris,  2505  Oxford  Street,  Philadelphia;  Dr.  Persifor  Frazer, 
Drexel  Building,  Philadelphia  ;  Mr.  Fred.  E.  Ives,  corner  of  Ninth  and 
Filbert  Streets,  Philadelphia  ;  Mr.  Theodore  D.  Rand,  No.  17  South  Third 
Street,  Philadelphia. 

The  President  called  attention  to  the  contradictory  character  of  two  of  the 
by-laws  and  recommended  correction  ;  he  also  recommended  that  one 
member  instead  of  two,  as  at  present  required,  be  sufficient  to  nominate  a 
candidate  for  membership. 

The  resignation  of  Dr.  Isaac  Xorris,  of  1424  Walnut  Street,  Philadelphia, 
•was  accepted. 

The  President  called  the  attention  of  the  Section  to  the  fact  that  copies  of 
the  papers  read  at  the  last  meeting  had  been  sent  as  advance  sheets  by  the 
Secretary  to  various  chemical  journals  in  the  United  States  and  abroad. 

Dr.  Wahl  recommended  that  the  Section  continue  subscription  to  Fittkas 
Jahresbcn't /if  xe.ctn\.\y  purchased  by  the  Institute;  on  motion  it  was  unani- 
mously voted  to  adopt  this  suggestion. 

Upon  the  recommendation  of  Dr.  Jayne  it  was  decided  to  consider  Mr. 
Pedro  G.  Salom  as  a  memljer  of  the  Section  from  date. 
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Dr.  S.  C.  Hooker  then  read  a  very  interesting  paper,  in  which  he  gave  the 
results  thus  far  obtained  in  a  series  of  sanitary  analyses  of  the  hydrant  water 
supply  of  Philadelphia.  These  analyses  include  determinations  of  chlorine, 
of  free  and  albumenoid  ammonia  by  the  Wanklyn  process  and  nitrogen  in 
nitrates,  according  to  the  carbazol  method  devised  by  him.  These  analyses 
are  to  be  systematically  conducted  at  regular  intervals  in  the  future,  and  the 
results  are  to  be  embodied  in  future  papers  to  be  published  in  the  Journal 
OF  THE  Institute. 

This  paper  called  forth  a  very  active  and  interesting  discussion,  which  was 
participated  in  by  many  of  the  members  present. 

Mr.  Haines  suggested  that  in  the  investigation  of  the  Philadelphia  water 
supply,  proposed  by  Dr.  Hooker,  special  attention  be  directed  to  those  dis- 
tricts which  are  aftected  with  typhoid  fever.  In  Germantown,  in  the  Twenty- 
second  Ward,  typhoid  fever  has  been  unusually  prevalent  for  more  than  a 
year  past,  but  during  the  last  three  months  it  has  increased  to  such  an  extent 
as  to  produce  a  general  feeling  of  alarm  and  to  call  for  a  special  investigation 
by  the  Board  of  Health.  Unfortunately  this  investigation  does  not  appear  to 
have  been  as  thorough  and  extended  as  the  case  demanded.  It  is  believed 
that  there  have  been  in  Germantown  a  larger  number  of  cases  of  typhoid 
than  in  any  other  section  of  the  city,  except,  perhaps,  the  district  of  Kensing- 
ton, where  this  disease  has  prevailed  for  many  years.  By  very  many  resi- 
dents the  disease  is  attributed  to  the  Schi^ylkill  water,  which  is  supplied  to 
Germantown  from  Flat  Rock  Dam.,  the  uppermost  of  the  pumping  stations, 
by  the  Philadelphia  Water  Department.  Prof.  A.  R.  Leeds,  of  Stevens  Insti- 
tute, Hoboken,  X.  J.,  has  stated  in  positive  terms  that  the  Schuylkill  water 
has  been  the  cause  of  typhoid  fever  in  some  cases.  Very  many  residents  of 
Germantown  will  not  drink  the  river  water  unless  it  is  boiled  and  filtered. 
There  is,  in  consequence,  a  disposition  to  resort  to  well  water  instead  of  the 
river  supply,  a  proceeding  which  is  far  more  dangerous,  for  a  large  proportion 
of  these  wells,  which  are  quite  numerous,  are  undoubtedly  contaminated  with 
sewage. 

A  prominent  physician,  long  a  resident  of  Germantown,  and  who  has  had 
many  of  these  typhoid  cases,  believes,  on  the  other  hand,  that  the  disease 
cannot  be  attributed  to  the  Schuylkill  water. 

Mr.  Haines  alluded  to  other  causes  to  which  the  typhoid  might  be  attrib- 
uted, among  which  was  the  prevailing  unsatisfactory  condition  cf  house 
drainage,  especially  in  the  older  dwellings  in  Germantown,  very  many  of 
which  have  not  been  arranged  in  accordance  with  the  recent  regulations  of 
the  Board  of  Health,  not  being  properly  trapped,  and  hiving  no  ventilating 
pipe  to  the  soil  pipe.  Some  of  the  houses  built  during  the  past  few  years  are 
also  believed  to  be  in  an  unsafe  sanitary  condition,  in  consequence  of  improper 
or  imperfect  plumbing  fixtures.  The  probability  of  a  contaminated  and  adul- 
terated milk  supply  being  the  cause  of  typhoid  fever,  was  suggested  by  Dr. 
Tuttle. 

Mr.  Haines  also  alluded  to  the  fact  that  Dr.  Thos.  M.  Drown,  of  the  Massa- 
chusetts Institute  of  Technology,  has  recently  applied  the  Kjeldahl  process 
for  organic  nitrogen  to  the  determination  of  organic   matter  in  water.     The 
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result  appears  to  warrant  the  belief  that  the  process  will  be  an  important 
adjunct  in  water  analysis. 

Mr.  Rowland  suggested  the  determination  of  suspended  matter  as 
advisable. 

In  regard  to  the  Kensington  district  Dr.  Wahl  referred  to  the  extensive  use 
of  well  water  as  the  probable  cause  of  much  sickness. 

Dr.  Tuttle  remarked  on  the  advisability  of  analyzing  the  water  of  suspected 
wells. 

The  President  called  attention  to  a  number  of  cases  of  typhoid  fever 
which  occurred  in  one  family,  and  which  were  clearly  traceable  to  contami- 
nated well  water  and  unsanitary  conditions  in  the  dwelling-house. 

Dr.  Samuel  C.  Hooker  read  a  paper  "  On  the  Occurrence  of  Lapachic 
Acid  in  Bethabarra  Wood,"  giving  the  results  of  an  investigation  undertaken 
in  conjunction  with  Dr.  Wm.  H.  Greene.  The  authors  have  unquestionably 
established  the  identity  of  the  yellow  principle  of  the  Bethabarra  wood  with 
lapachic  acid.  A  number  of  beautiful  specimens  were  exhibited,  both  of 
the  acid  and  of  compounds  prepared  from  it.  One  of  the  most  interesting 
of  these,  lapachone,  will  be  made  the  subject  of  further  study,  as  the  consti- 
tition  which  has  been  assigned  to  it  is  not  in  accordance  with  many  new 
reactions  observed.  The  results  so  far  obtained  point  very  strongly  to  the 
conclusion  that  lapachone  is  a  derivative  of  naphto-furfuran  and  has  the 
formula 

Oo 

Q„H,  {   CH,\   CH.CH: 


The  opinion  was  also  expressed  that  the  compound  prepared  by  Paterno, 
and  considered  by  him  to  be  brom-lapachic  acid  is  in  reality  brom-lapachone 
having  the  formula 

(  O. 
C„:,H,  j    CH  (Br)  y  CH,CH: 


Dr.  Smith  and  Mr.  Frankel  presented  a  paper  on  the  electrolytic  separa- 
tion of  mercury  and  copper,  which  was  submitted  for  printing  and  distribu- 
tion among  the  members,  and  was  referred  for  publication. 

Dr.  Smith  also  stated  that  in  the  electrolysis  of  nickel  and  cobalt,  in  a 
solution  containing  potassium  cyanide  in  excess,  cobalt  does  not  separate  out, 
but  whether  these  metals  can  be  separated  by  this  means  remains  to  be  seen. 

Dr.  Wahl  showed  some  specimens  of  decorated  glass  in  which  the  orna- 
mentation was  the  result  of  coating  a  colored  or  flashed  glass  on  one  side 
with  glue  or  gelatine,  and  then  drying  this  in  a  current  of  air  ;  the  gelatine 
in  drying  contracts  with  sufficient  force  to  tear  away  portions  of  the  surface 
of  the  glass,  thus  producing  striking  and  beautiful  effects. 

Adjourned.  Wm.  C.  Day,  Secretary. 
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On  tiik  occurrence  of  LAPACHIC  ACID  ix  BETHA- 
BARRA  WOOD. 


r>y  W.M.  H.  Greene  and  Samuel  C.  Hooker. 


\ Read  at  the  Meeiini;  of  the  Cheinica/  Section,  April  16,  iSSg^ 

A  few  weeks  ago  we  were  asked  by  Mr.  A.  B.  Shipley,  of 
this  eity,  a  large  importer  of  Bethabarra  wood,  to  investi- 
gate the  properties  of  a  yellow  substance  with  which  the 
pores  of  the  wood  appear  to  be  filled.  So  far  as  we  know, 
the  wood  is  used  in  this  country  for  the  manufacture  of 
bows  and  fishing-rods  only,  for  which  purpose  it  is  admirably 
adapted,  on  account  of  its  great  tenacity  and  remarkable 
elasticity. 

We  have  been  able  to  learn  nothing  of  the  botanical 
nature  of  the  tree  yielding  the  Bethabarra  wood,  whiph  is 
said  to  be  brought  from  the  West  Coast  of  Africa,  but  we 
believe  that  we  may  venture  the  opinion  that  it  is  a  species 
of  Lapacho.  The  latter  is  one  of  the  finest  ornaments  of  the 
sub-tropical  hills  and  plains  of  South  America.  Its  far 
spreading  branches  are  in  the  spring  covered  with  masses 
of  flowers,  red  or  yellow,  according  to  the  variety,  so  dense 
that  the  rays  of  the  sun  cannot  penetrate  them.  Its  wood 
is  very  hard,  susceptible  of  a  fine  polish,  and  resists  indefi- 
nitely the  action  of  moisture. 

The  considerable  cost  of  the  wood  made  it  desirable  that, 
if  possible,  some  use  should  be  found  for  the  refuse. 

A  few  preliminary  experiments  with  the  extracted  sub- 
stance showed  us  that  it  contained  a  compound  of  much 
scientific  interest,  and  for  this  reason  we  felt  justified  in 
undertaking  the  research,  independenth'  of  any  pecuniary 
result  with  which  we  were  not  concerned. 

On  referring  to  the  literature  of  the  subject,  we  found  a 
paper  entitled  "  Preliminary  Notice  of  a  New  Vegetable 
Coloring  Matter,"  published  by  Samuel  P.  Sadtler  and 
William  L.  Rowland  in  December,  iSSo,"  concerning  the 
principle   of  the    Bethabarra  wood.     Aside   from   analyses, 

"  .L,.vv     (  hem.  Jour.,  15,  22. 
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this  paper  throws  but  little  light  on  the  constitution  and 
properties  of  the  substance,  dealing  mainly  with  a  compari- 
son of  the  color  reactions  of  the  Bethabarra  principle  with 
crvsophanic  acid,  santalin,  hsematoxylin  and  brasilin.  The 
analyses  of  the  authors  left  them  undecided  between  the 
formulae  C^^H^gO,  and  C^^HaaO^,  and  they  conclude  their 
paper  with  a  suggestion  that  a  close  relationship  exists 
between  the  Bethabarra  principle  and  crysophanic  acid 
and  hsematoxylin. 

The  Bethabarra  wood  used  in  our  investigation  was 
mainly  in  the  form  of  sawdust.  This  was  extracted  in 
quantities  of  about  five  kilogrammes  at  a  time  by  percolation 
with  a  cold  one  per  cent,  solution  of  crystallized  sodium 
carbonate ;  the  solution  was  allowed  to  remain  in  contact 
with  the  wood  for  several  hours,  and  then  drawn  off,  and 
the  operation  was  repeated  three  or  four  times  until  the 
intensity  of  the  deep  red  color  of  the  extract  was  much 
diminished.  The  liquid  was  then  treated  with  an  excess  of 
hydrochloric  acid,  and  the  precipitate  allowed  to  settle, 
the  excess  of  acid  being  necessary  to  insure  the  rapid  sepa- 
ration of  the  precipitate.  The  clear  liquid  was  then  siphoned 
off,  and  the  precipitate  collected  on  a  filter  and  dried. 

This  extract  consists  of  the  crystalline  principle  of  the 
wood,  accompanied  by  a  resin,  and  as  both  are  readily  soluble 
in  alcohol,  this  is  not  a  desirable  agent  for  the  first 
crystallization  as  recommended  by  Sadtler  and  Rowland. 
On  the  other  hand,  we  found  the  resin  to  be  practicalh- 
insoluble  in  ether,  which  freelv  dissolves  the  cr\'stalline 
substance.  The  drv  substance  was  broken  up  and  shaken 
with  ether  in  a  closed  flask  ;  the  addition  of  a  few  drops  of 
water  causes  the  resin  to  ag-glomerate  and  adhere  to  the 
walls  of  the  flask ;  the  etheteal  solution  could  then  be  poured 
off  without  filtration.  This  operation  was  repeated  with 
fresh  ether  ;  the  ether  distilled  off,  and  the  crystalline  mass 
obtained  was  thrown  on  a  filter  and  washed  with  a  little 
alcohol  at  the  pump.  In  this  wav  the  substance  was 
obtained  in  a  nearly  pure  condition,  one  recrystallization 
from  alcohol  vielding  an  abst)lutely  pure  product  equal  in 
quantity  to  at  least  0"6  per  cent,  of  the  wood  employed. 
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After  a  brief  examination  of  our  substance,  we  were 
struck  by  the  remarkable  similarity  of  its  properties  with 
those  of  taiguic  acid,"  which  will  be  found  described  in 
Gmelin's  Hand-Book,  xvi,  521,  and  which  has  been  shown  by 
Paternof  to  be  identical  with  the  greenhartin  of  Stein  :J:  and 
with  the  lapachic  acid  of  Siewert.jJ  Under  the  latter  name, 
this  substance  has  been  the  subject  of  an  admirable  research 
by  E.  Paterno,  I  who  from  a  series  of  concordant  analyses 
deduced  the  formula  C^*H"0^,  and  was  able  to  assign  to  it 
with  great  probability  the  constitution  of  an  amylene- 
oxynaphthaquinone. 

i  CH  =  CH  —  CH  (CHgi, 
C,„H, )  O 
<'0H 

A  close  examination  of  the  Bethabarra  principle  estab- 
lished its  complete  and  unquestionable  identity  with 
lapachic  acid.  Its  fusing  point  is  I39"'5-I40^'5  :  that  of 
lapachic  acid,  as  given  by  Paterno,  is  138'. 

We  have  prepared  a  number  of  characteristic  salts. 
That  of  ammonia  is  unstable,  losing  ammonia  with  great 
readiness ;  a  dilute  solution  of  this  salt  deposits  crystals  of 
the  acid  when  evaporated,  as  observed  by  Paterno  with  the 
ammonium  compound  of  lapachic  acid. 

The  silver  salt  is  obtained  as  a  bright  red  amorphous 
powder ;  on  analysis  we  obtained  the  following  figures  : — 

I.  o'2  594  gr.  gave  0-0795  gr.  silver. 
II.  0-2674  "       "      00830  "       " 

Found.  Calculated  /or 

I.  II.  CV"  H^i  O^  As. 

■Ag  30'65  per  cent.  31  04  per  cent.  30'95  per  cent. 

Mean  of  analyses  by  Paterno,  30-87  per  cent.  Ag. 
Analyses  I  and  II  were  of  compounds  prepared  separately. 


*  Coniptes  rendus,  46,   1,152. 

\Gaz.  Chim.  Ital.,  1879,  ^»  S'^S- 

XJour.prak.  Chevtie,  DO,   i. 

^La  Republique  Argentine  par  R.  Napp,  aidt5  de  plusieurs  collaborateurs. 
Ouvrage  ecrit  par  ordre  du  Comitc  central  Argentin  pour  I'Exposition  de 
Philadelphia.     Buenos  Ayres,  1876. 

II  Ga~.  Chim.  Ital.,  12,   337-392 
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By  reducing  agents  the  Bethabarra  principle  is  converted 
with  great  facility  into  a  white  crystalline  substance,  which 
rapidly  absorbs  oxygen  from  the  air,  being  reconverted  into 
the  original  compound.  This  also  characterizes  lapachic  acid. 

B}'  the  action  of  concentrated  sulphuric  acid  we  have 
obtained  a  beautiful  orange-red,  quinone-like,  crystalline 
substance,  fusible  at  155°-!  56°  and  identical  with  lapa- 
chone.*  Concentrated  nitric  acid  in  the  cold  gives  rise  to 
the  same  substance,  as  shown  by  Paterno. 

As  the  unexpectedly  rapid  result  of  our  research  has  left 
us  sufficient  material  to  extend  our  investigations,  and  as 
the  constitution  assigned  by  Paterno  to  lapachone  is  not  in 
accordance  with  some  reactions  which  we  have  observed, 
we  purpose  to  make  this  compound  the  subject  of  further 
study. 
I'lULADELPHiA,  loth  April,  1889. 


On   the  present  CONDITION  of  the  PHILA- 
DELPHIA WATER  SUPPLY.     FIRST 
MONTHLY  REPORT 


By  Samuel  C.  Hooker,  Ph.D. 


\^liead  at  the  Stated  Meeting  of  tlw   Chemical  Sectioti,  April  j6,  jSSqJ] 

Many  considerations  have  induced  me  to  undertake  a' 
systematic  and  frequent  chemical  examination  of  the  water 
supplied  to  this  city,  and  at  the  outset  it  would  seem  desirable 
that  I  should  briefly  enumerate  some  of  the  principal  rea- 
sons for  the  investigation,  and  mention  some  of  the  benefi- 
cial results  which  it  is  to  be  hoped  may  arise  from  it.  In 
approaching  this  question  of  the  water  supph-  of  Phila- 
delphia, which  has  given  rise  to  so  much  discussion  and 
difference  of  opinion,  I  desire  it  to  be  understood  that  I  am 
primarily  seeking  for  info-rmation,  and  that  I  wish  to  ascer- 
tain as  nearly  as  possible  the  condition  of  the  water  at  all 
times.     We  hear  occasionallv  when  the  water  is  bad,  but  we 


P.iierno,  toe.  cit.,  yj2. 
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do  not  hear  when  it  is  good.  We  should  be  aequainted  with 
the  good  as  well  as  with  the  bad  aspect  of  the  case,  and  deal 
with  the  question  in  a  fair  and  unprejudiced  manner.  With 
the  advantages  offered  by  the  large  subsiding  basin  in  the 
East  Park,  and  with  increased  care  in  the  prevention  of  the 
access  of' foul  matter  to  the  vSchuylkill  River,  we  should  ask 
ourselves  whether  the  condition  of  the  water  has  so  improved 
as  to  render  it  generally  good,  and  to  leave  the  times  at  which 
it  may  be  seriously  open  to  suspicion  so  few  and  far  between 
as  to  make  them  of  comparatively  small  importance.  This 
is  a  question  which  can  only  be  answered  by  a  thorough  and 
systematic  examination  such  as  I  have  commenced.  Iso- 
lated analyses  of  samples  purj^osely  taken  at  times  when 
everything  conspires  to  make  the  water  unusually  bad,  are 
of  comparatively  small  value.  Indeed,  the  information  they 
give  is  such  as  to  be  positively  misleading  and  to  urge  the 
belief  that  the  water  is  at  all  times  far  worse  than  is  really 
the  case. 

At  the  time  my  investigations  were  commenced  the 
water  was  not  systematically  analyzed  at  regular  and 
frequent  intervals,  and  such  analyses  as  were  fitfully  made^ 
were  not  accessible  to  the  public.  The  last  published 
reports  of  the  Water  Department  and  also  of  the  Health 
Department  do  not  contain  a  single  analysis,  a  fact  which 
speaks  more  strongly  than  any  other  for  the  needs  of  such 
work  as  I  have  undertaken.  The  very  unfavorable  opinion 
to  which — rightly  or  wrongly — some  of  the  best  known 
experts  who  have  examined  into  the  matter  have  come, 
regarding  the  condition  of  the  Schuylkill  River  in  the  past, 
renders  it  highly  desirable  that  the  water  supplied  to  the 
city  should  at  all  times  be  under  chemical  supervision.  The 
interests  of  the  public  demand  it.  In  the  case  of  a  river 
which  is  liable  to  pollution,  it  is  obvious  that  circumstances 
may  arise  to  make  the  water  at  times  more  than  ordinarily 
dangerous.  By  frequent  chemical  examinations  such  a  con- 
dition of  the  water  would  be  detected  at  once,  the  public 
could  be  warned  of  it.  and  steps  taken  to  find  and  remove,  or 
at  least  mitigate  the  cause  of  the  trouble.  It  is,  therefore, 
extremely  desirable  that  the  water  should  be  very  frequently 
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analyzed,  both  for  the  information  and  protection  of  the 
public. 

Aside  from  throwing  some  light  on  the  question  of 
wholesomeness,  it  is  to  be  hoped  that  the  present  investiga- 
tion may  arouse  public  interest,  with  the  view  to  pushing 
forward  such  improvements  as  will  be  instrumental  in  secur- 
ing a  c/caiic?-  supply. 

In  the  face  of  such  difference  of  opinion  as  exists  regard- 
ing the  wholesomeness  of  the  Schuylkill,  it  is  certainly  satis- 
factory to  find  one  point  upon  which  all  are  agreed,  and 
which  does  not  admit  of  contradiction  or  argument.  For 
whether  the  water  be  wholesome  or  unwholesome,  whether 
it  be  charged  with  sewage  or  free  from  such  contamination, 
whether  it  be  loaded  with  or  free  from  disease,  it  cannot 
be  denied  that  the  muddy  condition  of  the  water  very 
frequently  supplied  to  certain  sections  of  the  city,  and  at 
intervals  to  others,  is  a  great  and  ever  increasing  disgrace 
to  the  city  of  Philadelphia. 

The  samples  of  water  for  analysis  are  drawn  every  Fri- 
day morning  from  six  sections  of  the  city,  which  have  been 
carefully  selected,  so  as  to  include  all  the  probable  variations 
in  condition  which  the  supply  may  simultaneously  present 
at  different  portions  of  the  city.  This  refers  only  to  the 
water  from  the  Schuylkill. 

The  samples  are  collected  in  the  following  neighbor- 
hoods : 

(i)  Sixteenth  and  Locust. 

(2)  Front  and  Bainbridge. 

(3 )  Forty-fourth  and  Chestnut, 

(4)  Beach  and  Vienna. 

(5)  Twentieth  and  Columbia  Avenue. 

(6)  4000  Germantown  Avenue. 

(i)  The  first  of  these  localities  is  usually  supplied  from 
the  Spring  Garden  pumping  station  through  the  Corinthian 
Avenue  basin.  It  may  also  be  supplied  from  the  Fairmount, 
Spring  Garden  and  East  Park  reservoirs.  The  water  at  this 
point  represents  the  supply  of  the  district  between  Vine 
and  vSouth  Streets. 
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(2)  The  city  below  vSouth  Street  is  fed  by  the  Fairmount 
pumping  station  through  the  Fairmount  reservoir.  This 
part  of  the  city  may  also  be  supplied  in  case  of  necessity 
from  the  Corinthian  Avenue  basin. 

(3)  The  sample  drawn  at  Forty-fourth  and  Chestnut  is 
representative  of  the  whole  of  West  Philadelphia.  The 
water  is  pumped  at  the  Belmont  Station  and  supplied 
through  the  Belmont  reservoir. 

(4)  Kensington,  in  which  Beach  and  Vienna  is  situated, 
formerly  received  its  supply  from  the  Delaware.  vSince  the 
middle  of  September,  1888,  vSchuvlkill  water  has  been  fed 
to  this  district.  In  future  it  is  proposed  to  pump  Delaware 
water  only  in  the  case  of  emergency. 

(5 )  The  water  drawn  at  Twentieth  and  Columbia  Ave- 
nue represents  that  of  the  whole  of  the  Northwestern  por- 
tion of  the  city.  This  district,  which  is  bounded  on  the 
north  by  Allegheny  Avenue,  on  the  south  by  Vine  vStreet, 
and  on  the  east  by  Broad  Street,  is  supplied  by  direct 
pumpage  from  the  Spring  Garden  works. 

(6)  The  Twenty-second  and  part  of  the  Twenty-eighth 
Wards  are  supplied  from  the  Mt.  Airy  reservoir,  which  is 
fed  from  the  Roxborough  vStation.  The  water  drawn  at 
Germantown  Avenue  represents  this  district. 

Bv  thus  collecting  the  water  as  actually  supplied  to  the 
city  instead  of  taking  it  directly  from  the  river  or  the 
reservoirs,  not  onlv  are  fairer  samples  obtained,  but  the 
water  should  be  at  its  best,  having  had  the  advantage  of 
passing  through  the  subsiding  basins. 

It  is  to  be  hoped  that  as  improvements  are  made  a 
careful  study  of  these  reports  will  lead  to  those  sections  of 
the  city  which  are  at  present  worst  off  being  first  con- 
sidered. 

Although  a  lengthy  discussion  of  the  methods  of  analysis 
is  unnecessary,  it  may  be  well  briefI^'  to  mention  the  pro- 
cesses employed. 

The  determinations  of  albumenoid  and  free  ammonia 
were  made  in  all  essential  particulars  as  recommended  by 
Wanklyn.  Duplicate  analyses,  occasionally  made  to  test 
the  accuracy  of  the  results,  gave  figures  so  closely  cor- 
Whole   No.  Vol.  CXXVII. — (Third  Series,  Vol.  xcvii.)  26 
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responding  to  the  first  determinations  as  to  leave  little  to 
be  desired. 

The  chlorine  was  estimated  by  the  well-known  volumetric 
process.  The  greatest  possible  care  was  taken  with  these 
determinations,  as  very  slight  variations  appear  of  con- 
siderable importance.  Duplicate  determinations  were  made 
in  every  case  and  the  mean  of  at  least  two  experiments 
taken.  The  nitrates  were  determined  by  the  carbazol  pro- 
cess, devised  by  myself,  and  already  described  in  detail  to 
the  Section. 

The  following  table  gives  the  results  obtained : 
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Kensington,  Beach  and   I'ienna. 

Date.  Free 

l88g.  Chlorine.  Ammonia. 

March  15th -32  0005 

22d '32  0005 

29th "38  '0005 

[April       5th -51  '0075 

i2ih, "34  '0005 

Average,    omitting    the  ] 

sampleof  April  5th,  as  J'         "34  "0005 
from  the  Delaware,      j 

Hest  Philadelpltia. 

March  15th '30  "0025 

"       22d •15  •0020 

"       29th -27  .0025 

April      5th, "27  -0020 

"       i2th, '31  0010 

Average '26  "0020 

Sixteenth  and  Locust. 

March  15th '27  '0000 

"        22d, "24  'OOOO 

29th, -35  0015 

April       5th, "26  0015 

"        I2th '35  •0010 

Average '29  "0008 


Albuiiienoiii 
Ammonia. 

JMitrosien  0/ 
Nitrates. 

•0055 

■14 

•0050 
•0065 

•12 

■0190 

•07] 

•0070 

■10 

•0060 


•0045 

•J4 

0050 

•14 

•0070 

•I  I 

0075 

•10 

•0065 

•10 

0061 


■118 


0105 

•14 

•0070 

•J4 

•0075 

•12 

■0080 

•II 

•0085 

•10 

•0083 
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Front  and  Bai)ihridg€. 

Date.  J'ree 

lS8g.  Chlorine.        Amvionin. 

March  I5lh,    Sample  not  forwarded. 

March  22d •32  -0005 

29th '36  "0005 

April      5th -28  -QOlo 

I2ih '35  "0010 

Average, .32  "0007 

TwentietJi  and  Cotttmhia  A^^enue 

March  15th "30  "0000 

"       22d '35  "0005 

29th -yi  '0020 

April       5th "26  -0015 

1 2th,      Demijohn  broken  in  transit. 

Average '32  •ooio 

4000  Gerniantoiun    jh'ciiue. 

March  15th,     Sample  not  on  time. 

"       22d, '25  "0005 

29th, "30  "0005 

April       5th -26  -0015 

12th,     Sample  not  on  time. 

Average "27  -0008 
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Ul'umenoid 
.Ammonia. 

Nit) 
Nil 

ogen  of 
rates. 

•0075 

■14 

•0055 

12 

•0070 

•10 

■CO9O 

•09 

•0072 


■0070 

•13 

•0100 

■14 

•0085 

1 1 

■0140 

1 1 

■0098 


•CI  10 
■0165 
0125 


1 1 
10 


All  the  above  result.s  are  expressed  in  parts  per  100,000. 

It  wall  be  apparent  to  any  one  at  all  familiar  with  the 
subject,  that  the  worst  feature  of  these  analyses  lies  in 
the  comparatively  lar^e  amount  of  nitrates.  Apart  from 
this,  the  condition  of  all  the  samples  examined  from  the 
Schuylkill — twenty-four  in  number — is  very  satisfactory, 
and  if  maintained  throui^hout  the  year,  woidd  render  any 
serious  anxiety  as  to  the  wholesomeness  of  the  supply  quite 
unnecessary.  It  is  certainly  g-ratifving  to  find  the  condition 
of  the  water  so  uninterruptedly  satisfactory  during  a  whole 
month,  and  so  much  better  than  one'  could  have  fairly 
expected  from  the  pessimistic  reports  which  have  recently 
from  time  to  time  been  published  in  the  newspapers.  It 
will   be   understood   that  I  am   at   present  speaking  of   the 
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quality  of  the  water  without  reference  to  its  muddiness. 
With  regard  to  this  latter  particular,  the  condition  of  all 
the  water  could  not  bv  anv  means  be  said  to  be  satisfactory. 

It  will  be  observed  that  the  sample  drawn  at  Beach  and 
A^ienna  on  April  5th,  was  vastly  inferior  to  the  remaining 
samples  collected  at  the  same  locality  on  other  days,  and 
also  to  the  other  samples  collected  at  other  points  on  the 
same  date.  Although  I  had  information  that  Kensington 
"was  drawing  its  water  from  the  vSchuylkill  I  could  not 
"believe  that  this  was  really  the  case  at  the  time  that  this 
particular  sample  was  drawn.  I  consequentlv  made  a  per- 
sonal visit  to  the  Kensington  Water  Works,  on  April  i  ith, 
to  clear  up  the  matter,  and  was  gratified  to  find  that  m}- 
surmise  was  correct.  The  pump  at  the  works  was  drawing 
"^vater  froiu  the  Delaware  at  that  date,  and  had  been  doing 
so  since  April  3d,  on  account  of  a  breakdown  at  the  vSpring 
Garden  vStation. 

Pumping  from  the  Delaware,  at  the  Kensington  Works, 
still  continues  at  the  present  date,  but  the  Lehigh  basin, 
into  which  the  water  is  forced,  is  apt  to  be  low  towards  the 
evening,  at  which  time  the  overflow  from  the  Spring 
Garden  basin  is  permitted  to  flow  into  it.  Samples  collected 
in  the  early  morning  may,  therefore,  consist  almost  entirely 
of  Schuylkill  water.  This  explains  the  good  condition  of 
the  water  from  this  district  on  April  12th,  and  its  very 
great  similarity  to  the  samples  drawn  previous  to  April  3d. 

From  an  examination  of  the  table  it  will  be  observed 
that  on  the  whole  the  qualitv  of  the  water  in  each  locality 
has  been  very  uniform  doing  the  past  month.  There  is, 
however,  a  marked  difference  in  some  respects  in  the  water 
from  the  different  localities.  For  instance,  the  free  ammonia 
is  almost  constantly  higher  in  West  Philadelphia  than  in 
other  portions  of  the  city,  and  similarly  the  albumenoid 
ammonia  is  higher  in  Germantown  than  elsewhere.  Should 
these  differences  be  maintained,  thev  will  be  fully  consid- 
ered in  detail  in  subsequent  reports. 

My  observations  so  far  show  that  the  albumenoid  ammonia 
is  greater  in  the  turbid  samples,  even  after  filtration  through 
paper,  than  in   the  clearer  ones,  or  in  other  words  that  the 
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DIAGRAM    SHOWING   THE    AVERAGE    RELATIVE    CONDITION    OF    THE  WATER    SUPPLY   AT 

DIFFERENT  POINTS  OF  THE  CITY.     March  15  to  April  12,  1889. 

(CONSTRUCTED  FROM  n  ANALYSES.) 
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EXPLANATORY   NOTES; 

(  Nitrogen  of  Nitrates  in  parts  per  10,000. 

- —  ^  Representing,  when  in  excess,  animal  matter,  which  by  natural  processes  of  purification  has  been 

I  rendered  harmless. 

i  Albuminoid  Ammonia  in  parts  per   100,000. 
Representing,  when  in  excess,  nitrogenous  organic  matter  of  the  most  dangerous  type. 

^^^^^^^^  (  Chlorine  in  parts  per   1,000. 

1  Representing,  when  in  excess,  present  or  past  sewage  contamination. 

(  Free  Ammonia  in  parts  per  100,000. 
1  Representing,  when  in  excess,  decaying  organic  matter. 
Provided  that  the  two  lower  curves  do  not  vary  much  in  height  from  those  given,  the  condition  of  the  water 
may  be  regarded  as  satisfactory,  so  long  as  the  two  upper  curves  remain  below  the  double  line  through  015 

It  will  be  understood  that  the  smaller  the  quantity  of  the  substances  indicated  by  the  above  curves,  the  more 
satisfactory  the  condition  of  the  water.  In  other  words,  the  water  is  most  satisfactory  with  regard  to  each  particular 
substance,  at  the  lowest  point  of  each  curve. 
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albumenoid  ammonia  is  in  some  degree  proportional  to  the 
turbidity. 

This  is  well  shown  in  the  following  table : 

Average  order  of  turbidity  for  the  month.  Average  of  altiimenoid 

Ike  water  from  the  first  locality  being  atnnioni.i  for  the 

the  best,  i.  e.,  the  brightest.  ^ame  period. 

1.  Kensington 0060 

2.  West  Philadelphia '0061 

3.  Sixteenth  and  Locust '0^83 

4.  Front  and  Bainbridge 0072 

5.  Columbia  Avenue, 0098 

6.  Germantown o'SS 

The  full  meaning  of  this,  which  has,  I  believe,  consider- 
able bearing  on  the  quality  of  the  Germantown  water  as 
compared  with  that  of  other  localities,  will  be  considered  in 
a  subsequent  report  when  the  data  collected  have  become 
somewhat  larger. 

As  it  is  intended  that  the  results  of  these  analy.ses  may 
clearly  and  readily  be  understood  by  those  who  are  not 
chemists,  a  diagram  is  appended,  which  it  is  believed  will 
be  made  thoroughly  intelligible  to  all  by  the  aid  of  the 
explanatory  notes  accompanying  it. 


SCIENTIFIC  NOTES  and  COMMENTS. 


MECHANICAL  ENGINEERING. 

Trials  of  Motors  for  Electric  Lighting. — In  September,  i838,  Dr. 
John  Hopkinson,  Mr.  Beauchamp  Tower  and  Prof.  A'e.xander  B.  \V.  Kennedy 
carried  out  a  series  of  motor  trials  for  the  Society  of  Arts  {Journal  of  the 
Society  of  Arts). 

The  motors  tested  were  a  Crossley  (Otto)  nine  nominal  horse-power,  a 
Griffin  eight  nominal  horse  power,  and  an  Atkinson  six  nominal  horse-power, 
all  gas  engines,  and  a  Davey-Paxman  compound  portable  steam  engine  of 
eight  nominal  horse-power.  The  judges  awarded  a  gold  medal  to  the  Pax- 
man  and  to  the  Atkinson  engines,  as  they  were  each  the  sole  representatives 
of  a  class,  and  had  each  given  exceptionally  good  results.  In  the  cases  of 
the  other  engines,  the  Crossley  had  the  advantage  as  to  economy  of  gas  and 
lubricant,  and  the  Griffin  in  respect  to  regularity  of  speed,  and  a  gold  medal 
was  awarded  each. 

The  trials  consisted  of  an  efficiency  test  of  six  hours  duration  for  each 
engme,  a  three  hours'  run  at  half  power,  a  test  running  light,  and  other  tests 


;9<S 


Scientific   Notes    and   Comments. 


[J.  F.  I.. 


made  at  the  request  of  the  exhibitors,  under  conditions  different  from  the 
competitive  conditions. 

The  methods  of  the  trials  were  generally  as  follows  :  The  gas  used  in  the 
engine  and  for  ignition  was  measured  separately,  wet  meters  being  used,  and 
readings  taken  every  quarter  of  an  hour.  The  pressure  and  temperature  of 
the  gas  were  measured  in  the  meter,  and  samples  of  the  gas  taken  for 
analysis.  Indicator  diagrams  were  taken  every  quarter  of  an  hour.  The 
springs  were  tested  and  the  errors  found  to  be  very  small.  Rope  brakes 
were  used  for  absorbing  the  power.  The  water  fed  to  cylinder  jackets  was 
metered  and  its  temperature  taken.  The  number  of  revolutions  were  taken 
from  a  continuous  counter,  read  every  fifteen  minutes  simultaneously  with 
the  rearling  of  the  gas  meters.     The   number  of  explosions  was  determined. 

The  steam  engine  was  tested  in  practically  the  same  way,  the  coal  burned 
and  water  evaporated  were  weighed,  the  indicator  cards  and  revolutions 
taken  as  in  the  gas  engine  trials.  The  power  was  absorbed  by  a  rope  friction 
brake,  but,  instead  of  trusting  to  the  air  cooling  the  wheel,  water  was  allowed 
to  drip  into  the  trough  inside  the  rim  and  evaporate  out.  The  cylinders  were 
fitted  with  jackets,  but  the  exhibitor  elected  to  run  withoutthem.  In  all  cases 
the  quantity  of  lubricator  fed  to  the  cylinder  was  measured.  The  following 
are  the  principal  dimensions  of  the  engines  tested  : 

Crossley. — g"5  inches  diameter  cylinder,  i8  inches  stroke.  One  fly  wheel 
5  feet  5 '2  inches  diameter,  9  inches  face,  weighing  1,652  pounds.  Fitted 
with  couniershaft  for  running  dynamos. 

Griffin. — 902  inches  diameter  cylinder,  14  inches  stroke.  Two  fly-wheels 
6o'i  inches  diameter,  7'5  inches  face,  each  weighing  1,144  pounds.  The 
piston-rod  175  inches  diameter. 

Atkinson. — 95  inches  diameter  cylinder,  suction  stroke  633  inches,  com- 
pression 503  inches,  working  I1"I3  inches,  and  the  exhaust  stroke  1243 
inches.  Radius  of  crank,  12^  inches.  Two  fly  wheels  69'3  inches  diame- 
ter, 4'5  im  hes  face,  each  weighing  1,462  pounds. 

Paxnian  Portable. — Boiler  of  locomotive  type.  Engine,  compound  hori- 
zontal cylinders,  524  inches  and  898  inches  diameter  bv  14  inches  stroke. 
One  fly-wheel  62  inches  diameter,  7^8  inches  face  and  weighing  910  pounds. 

The  following  tables  show  the  results  of  the  full  and  half  power  trials.  In 
estimating  the  gas  per  brake  horse-power  for  the  Crossley  engine,  the  power 
to  run  the  countershaft  was  omitted,  and  taking  this  into  consideration  gives 
27*4  cubic  feet  of  gas  per  net  horse-power  available  for  outside  work.  The 
results  of  the  second  trial  with  the  steain  engine  are  given  here.  As  in  the 
first  one,  some  exhaust  steain  was  returned  to  the  feed-tank,  and  the  amount 
could  not  be  determined. 
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Full  Power  Trials. 


Duration,  hours, 

Revolutions  per  minute, 

Explosions     "         "  

Mean  initial  pressure,  pounds, 

Mean  effective  pressure,  pounds, 

Indicated  horse-power, 

Brake  load,  net,  pounds, 

Brake  horse-power, 

Mechanical  efficiency, 

Gas  per  hour,  main,  cubic  feet, 

"       "        "       ignition 

"       '•        "       total 

Gas  per  i    h.  p  ,  per  hour,  main 

"      •'         "  "         "      total, 

Gas  per  b.  h.  p  ^  per  hour,  main, 

"      "         "  "        "      total, 

Water  per  hour,  pounds, 

Rise  in  temperature, 

Horse-power  in  driving  engine 

Mean  pressure  during  working  stroke  equiv- 
alent  to  work  done  in  pumping  stroke 

about,  pounds, 

Corresponding  t.  h.  p., 


Atkinson.   \    Crossley. 


6 
1311 

I21'6 

i66"o 


Paxman. 


46-07 


i30'5 
9-48 
■85 
209-8 

4'5 
214-3 

18-82 
19-22 
22-14 
22-61 
680- 
5,0., 

1-67 


I  '00 
■26 


6 

i6o-i 

78-4 

196-9 

67-9 


i77'4 
I4"74 
-861 

351-8 
3'5 

355'3 
20-55 
20-76 
23-87 
24-10 

7'3- 

i28°-o 


129-0 
132-3 


130'7 
12-51 
-809 
350-2 
7-1 
3573 
22-64 
23-10 
28-00 
28-56 
1022- 
7i°-8 
2.96 


6-27 
>37'35 


{l" 


H.P.  176 
■  P.  54 
P.      16 


(HP. 

{l.p. 


95 
879 


-69 


Half  Power  Trials. 


Duration,  hours, 

Revolutions  per  miiuite, 

Explosions     "         '-  

Mean  initial  pressure, 

Mean  effective  pressure, 

Indicated  hors^-power 

Brake  load,  net 

Brake  horse-power, 

Mechanical  efficiency, 

Gas  per  hour,  main 

"      "       "        iinition,     .... 

"      ■'       "       total, 

Gas  per  i.  h    p.,  per  hour,  main .  . 

"       -'  '        total,    . 

Gas  per  brake  horse-power,  main, 

"      "        "  "  total, 

Water  per  hour,  in  pounds,    .    .    . 

Rise  in  temperature 

Horse-pi'wer  in  driving  engine,     . 


Atkinson. 

Crossley. 

Griffin. 

' 

*axman. 

, 

3 

3-1= 

129-6 

158-8 

201-8 

I 

38-10 

69-. 

41-1 

82-6 

166-5 

,96-2 

135-1 

H 

P    113-0 

47-60 

73'4 

55-83 

/H.P. 
IL.P. 

53-25 
8-92 

H 

P. 

6-85 

659 

9-73 

10-23 

IL. 

P. 

5-43 

! 

12-3' 

DDO 

899 

64-67 

I 

♦7-6 

4'74 

7-4' 

6-30 

9-76 

■7I-' 

•762 

■616 

-792 

1271 

202 -6 

228-7 

5 '9 

^'l 

5-8 

1  33  0 

205-8 

234-5 

19-20 

20-8 

22-35 

20  18 

2: -2 

22*92 

26-80 

27-34 

36-30 

28-10 

27-77 

37-20 

260' 

480- 

616-6 

678 

I02- ; 

71-31 

1-85 

-  3' 

3-93 

1 

2-56 
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Boiler. 


Boiler  pressure,  absolute,     ... 

Temperature,  steam 

Pounds  of  feed  water,  per  hour, 
"  "  "    i.  h.  p., 

"    b    h.  p. 

Mean  temperature,  feed 

Temperature  of  gases,  Fahr., 

Coal  per  hour*,  pounds 

"       "      "         per  i.  h.  p.,     .   . 

"       "      "  "  b.h.p  ,    .    , 

Pounds  water  per  pound  coal,     . 

"  "     from  and  at  212°,  , 


Fuil 

Half 

Power. 

Power. 

202 "78 

1 349 

382-9 

35°' I 

447"  I 

392-2 

20-74 

26-72 

23'59 

33"73 

63°-o 

690.9 

304°-4 

369°- 1 

40-70 

27-25 

1-89 

2-21 

2-15 

2-79 

10-99 

12-08 

11-71 

12-76 

In  the  reports  of  the  trials,  tables  are  given  showing  approximately  the 
percentage  of  the  available  heat  turned  into  work,  rejected  in  jacket  water, 
and  rejected  in  the  exhaust,  radiation,  etc.  During  the  full  power  trials,  in 
the  Atkinson  engine,  of  13,280  heat  units  available  per  explosion,  25'5  per 
cent,  was  converted  into  work  and  twenty-seven  per  cent,  rejected  in  the  jacket 
water.  In  the  Crossley  test  of  34,040  heat  units  available  22' i  per  cent,  was 
converted  into  work  and  432  per  cent,  was  rejected  in  the  jacket  water.  In  the 
Griffin  trial  of  20,650  available  heat  units  211  per  cent,  was  converted  into 
work  and  35"2  per  cent,  rejected  in  the  jacket  water.  In  the  steam  engine  of 
577,900  heat  units  available  per  hour  9-6  per  cent,  was  converted  into  work. 
In  the  boiler,  during  the  full  power  trial,  of  577,900  heat  units  available, 
79"65  per  cent,  was  expended  in  heating  and  evaporating  the  water,  7^05  per 
cent,  in  raising  the  temperature  of  the  furnace  gases,  8'85  per  cent,  was 
lost  by  radiation,  2  68  per  cent,  by  imperfect  combustion,  "lo  per  cent,  in 
evaporating  the  moisture  in  the  coal  and  i'67  per  cent,  was  unaccounted  for. 

It  is  to  be  regretted  that  there  were  not  more  engines  entered  for  trial. 
The  work  done  in  carrying  out  these  trials  is  of  the  very  best  character,  and 
the  results  are  a  considerable  addition  to  our  stock  of  knowledge. 

The  report  contains  many  other  data  in  addition  to  that  given  above  and 
is  well  worth  studying.  H.  W.  S. 
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Friction-Brake  Dynamometers. — William  Worby  Beaumont,  M.  Inst. 
C.  E.  With  an  Abstract  of  the  Discussion  on  the  Paper.  From  Minutes 
of  Proceedings  of  the  Institution  of  Civil  Engineers.  Vol.  xcv.  Session 
1888-89.     London. 

The  paper  is  a  description  of  the  various  forms  of  friction  brakes  modelled 
on  the  Prony  brake,  and  treats  of  the  inaccuracies  of  the  methods  of  measur- 
ing and  the  reliability  of  the  results  obtained  from  them. 


*  Calorific  value,  14,200  thermal  units  per  pound,  no  reduction  being  made  from  the  hydrogen  for 
the  oxygen  present. 
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In  the  original  Prony  brake,  the  author  states  that  for  measuring  the 
power  of  a  motor  at  uniform  speed  and  constant  load,  the  inaccuracy  of  its 
indications  may  be  very  small  and  often  insignificant.  The  necessity  of 
changing  the  tension  on  the  brake  strap  to  maintain  the  load  constant,  makes 
a  self-regulating  dynamometer  greatly  to  be  desired. 

The  compensating  brake  of  M.  Deprez,  suitable  for  small  powers,  is 
described.  In  this  the  compensation  takes  place  slowly  and  adjustments 
have  frequently  to  be  made. 

A  simple  form  of  self  adjusting  dynamometer,  made  by  Mr.  J.  Imray,  is 
described  and  several  forms  of  brakes,  with  Appold's  compensating  lever, 
are  described.  Numerous  other  special  forms  are  treated  of  in  the  paper  and 
in  the  discussion  following  it. 

An  attempt  is  made  to  determine  the  proportion  of  brakes  from  several 
successful  examples,  but  beyond  giving  the  dimensions  of  brakes  in  use  is  of 
no  especial  importance. 

In  the  paper  and  discussion  numerous  rope  brakes  were  spoken  of,  which 
for  ease  of  construction  and  use  will  compare  favorably  with  the  more 
elaborate  forms  spoken  of.  Professor  Kennedy,  one  of  the  conductors  of 
the  motor  trials  for  the  Society  of  Arts,  described  the  apparatus  used  in 
these  tests. 

A  hemp  rope  or  a  couple  of  ropes,  one  and  three-quarter-inch  circum- 
ference, passing  around  the  wheel  once,  was  weighted  at  one  end  and 
attached  to  a  spring  balance  at  the  other.  A  wheel,  five  feet  in  diameter, 
seven  inches  face,  weighing  910  pounds,  running  at  140  revolutions  per 
minute,  took  nineteen  and  one-half  brake  horse-power  without  trouble. 
Water  dripped  into  the  trough  on  the  inside  of  the  rim  and  evaporated  out. 

The  entire  paper  is  a  fair  account  of  the  various  devices  in  use  for  absorb- 
ing power,  and  in  the  discussion  there  is  considerable  difference  of  opinion 
as  to  their  relative  advantages.  H.  W.  S. 


A  Treatise  on  Hydraulics.     By  Mansfield  Merriman.     8vo.     John  Wiley 
&  Sons,  New  York,  Publishers. 

This  timely  production  adds  another  to  the  many  works  on  this  important 
subject,  and  yet  there  is  room.  The  reputation  of  this  well-known  author  for 
thoroughness  will  at  once  commend  this  book  to  the  student  as  a  valuable 
accession.  A  brief  review  of  its  contents  shows  that  it  is  prepared  with 
reference  to  modern  requirements.  They  cover  such  topics  as  hydrostatics  ; 
theoretical  hydraulics;  flow  through  orifices,  over  weirs,  through  tubes,  in 
pipes,  conduits,  canils  and  rivers  ;  measurement  of  water-power ;  dynamic 
pressure  of  flowing  water  ;  hydraulic  motors  and  naval  hydromechanics  ;  all 
of  which  are  included  in  381  pages  of  attractive  typography.  The  demon- 
strations are  treated,  in  general,  analytically  and  in  some  instances  with  the 
aid  of  calculus,  so  that  the  book  is  limited  to  those  familiar  with  the  pure 
mathematics,  although  there  are  many  deductions  and  general  principles  of 
use  to  the  practical  hydraulician. 

In   a  treatment   so  condensed  of  so  extended    a   subject   matter,  many 
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important  sub-divisions  must  necessarily  have  been  greatly  abridged,  as,  (?._^., 
those  relating  to  the  stability  of  flotation,  back-water,  dams,  tidal  energy,  and 
waves,  some  of  which  acquire  great  practical  importance  to  the  maritime 
and  hydraulic  engineer. 

The  question  of  the  position  of  the  metacentre  is  of  much  more  frequent 
application  in  engineering  construction  than  in  the  construction  of  ships,  and 
acquires  importance  in  the  various  form  of  caissons  for  sub-marine  founda- 
tions built  on  shore  and  floated  to  their  proposed  sites.  The  entire  question 
o""  masonry  dams  is  disposed  of  by  giving  the  general  equation  of  equilibrium, 
with  an  example,  all  included  in  less  than  two  pages. 

Usually  but  one  problem  is  required  to  illustrate  a  principle,  and  that 
without  the  answer.  We  believe  it  better  to  state  the  result,  that  the  student 
may  be  able  to  check  his  work,  and  so  increase  his  confidence  in  his  ability 
to  solve  similar  cases. 

In  the  numerous  references  which  are  stated  in  the  foot-notes,  it  would 
also  appear  to  be  more  satisfactory,  to  those  wishing  to  consult  the  authori- 
ties, to  have  a  specific  address,  either  of  the  publisher  or  of  a  depository, 
where  the  work  may  be  found.  Thus  we  find,  "  Smith's  Hydraulics,  p.  176," 
"  Del  Moto  dei  Gravi  (Firenz,  1644),"  etc. 

The  most  important  omission,  however,  is  the  absence  of  a  topical 
index,  arranged  alphabetically.  This  is  but  poorly  supplied  by  the  table  of  con- 
tents, moreover  we  must  take  exception  to  the  statement  made  on  the  closing 
page,  that  "  upon  the  ocean,  waves  move  in  the  same  direction  as  the  wind, 
but  along  shore  it  is  observed  that  they  move  normally  towards  it,  whatever 
may  be  the  direction  in  which  the  wind  is  blowing,"  as  being  contrary  to  the 
fact,  since  the  well-nigh  universally  received  opinion  as  to  the  motion  of 
waves  (breakers)  on  shore  is  curvilinear,  being  retarded  at  the  shore  line, 
and  breakmg  at  a  prevalent  if  not  a  permanent  angle,  which  is  determined 
rather  by  the  form  of  the  fore-shore  than  by  the  direction  of  the  wind.  This  is 
an  important  phenomenon,  and  accounts  for  the  travelling  of  the  beaches  and 
inlets  in  a  prevalent  direction,  and  furnishes  the  key  to  the  solution  of  many 
harbor  problems. 

Space  will  not  permit  us  to  call  attention  to  the  many  good  features  of 
the  work,  which  will  commend  itself  to  instructors  and  students  alike  for  the 
clearness  and  logic  of  its  demonstrations.  H. 
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Hall  of  the  Franklin  Institute, 

Philadp:lphia,  April  17,  1889. 

Joseph  M.  Wilson,  President,  in  the  Chair. 

Present,  162  members  and  thirty- four  visitors. 

Additions  to  membership  during  the  past  month,  104. 

By  direction  of  the  Board  of  Managers,  the  Actuary  presented  the  following 
report  of  the  condition  of  the  Elliott  Cresson  Medal  Fund,  prepared  and 
submitted  by  Mr.  Frederick  Fralev,  trustee  of  the  fund,  viz: 

No.  iooo  Walnut  Street, 
Philadelphia,  April  8,  1889. 

Dear  Sir: — A  short  time  ago  Mr.  Heyl,  the  Actuary  of  the  Franklin 
Institute,  called  on  me  and  stated  that  the  managers  desired  to  have  a 
statement  of  the  present  amount  of  the  Elliott  Cresson  Medal  Fund,  and  also 
whether  it  would  not  be  advisable  to  have  an  additional  trustee  of  the  fund 
appointed,  in  place  of  Mr.  John  Wiegand,  who  died  some  years  ago.  It 
gives  me  great  pleasure  to  comply  with  these  requests. 

The  fund  was  created  by  Mr.  Elliott  Cresson  in  the  year  1848,  and  the 
capital  of  endowment  was  a  certificate  for  $1,000  in  the  loan  of  the 
Schuylkill  Navigation  Company  of  the  year  1845.  The  loan  was 
then  considerably  below  par,  and  no  interest  was  paid  on  it  for  several 
years,  owing  to  the  unfavorable  state  of  the  finances  of  the  company,  and 
the  disastrous  results  of  the  great  flood  on  the  Schuylkill  River  in  1850. 
When  the  Schuylkill  Navigation  Company's  affairs  were  adjusted  in  1852, 
the  original  certificate  of  fund  and  the  arrears  of  interest  thereon  was  con- 
verted into  a  certificate  of  the  loan  of  1882  for  $740,  and  ten  shares  of  pre- 
fered  stock  of  the  par  value  of  J500,  thus  making  the  nominal  capital  of 
the  fund,  Jii,24o.  The  interest  and  dividends  received  on  this  sum  and  the 
accumulation  thereof  have  been  sufficient  to  pay  for  the  dies  for  the  medals, 
and  the  medals  struck  and  delivered  to  the  Institute,  and  to  leave  a 
balance  to  the  credit  of  the  fund,  April  i,  1889,  of  $3,943.11,  which  consists 
of  a  certificate  of  loan  of  the  City  of  Philadelphia  for  $1,700,  deposit  in 
the  Western  Saving  Fund  of  $1,973.96,  and  cash  in  my  hands  of  $269.15. 
When  the  affairs  of  the  Philadelphia  and  Reading  Railroad  were  reorganized, 
in  1887,  the  loan  and  preferred  stock  of  the  Schuylkill  Navigation  Company 
belonging  to  the    fund  were  deposited  under  the  plan,  and  converted  to  the 
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new  Reading  securities,  which  were  sold  and  produced  $548.64.  This  sum 
I  believe  is  more  than  the  original  $1,000  of  Schuylkill  Navigation  loan  was 
worth  in  the  market  when  the  fund  was  created. 

The  dies  for  the  medals  are  at  the  United  States  Mint  in  Philadelphia, 
and  all  the  medals  have  so  far  been  struck  there. 

I  find  by  reference  to  the  trust  deed  that  whenever  a  vacancy  occurs  by 
the  death  or  resignation  of  a  trustee,  his  place  is  to  be  filled  by  an  election 
to  be  made  by  the  Franklin  Institute,  at  a  stated  meeting  after  due 
notice.  I  had  not  read  the  deed  for  many  years,  or  I  should  have  called  the 
attention  of  the  Institute  to  this  matter  immediately  after  the  death  of  Mr. 
Wiegand.  You  have  a  copy  of  the  deed  in  the  minute-book,  and  from  it  will 
see  how  the  election  of  a  new  trustee  is  to  be  made. 

With  my  best  wishes  for  the  welfare  and  prosperity  of  the  Institute  of 
which  I  have  been  a  member  for  si.Kty-four  years,  I  am. 

Sincerely  yours, 

To  Joseph  M.Wilson,  Esq.,  Frederick  Fraley. 

President  Franklin  Institute. 


The  Secretary  reported  the  resignation  of  Mr.  Moses  G.  Wilder  as  a 
member  of  the  Committee  on  Science  and  the  Arts.  The  resignation  was 
accepted  and  Mr.  John  E.  Codman  was  elected  to  fill  the  vacancy. 

The  Special  Committee  to  Increase  Membership  made  a  report  of  progress, 
and  was  continued. 

The  Actuary  further  reported  a  recommendation  from  the  Board  of 
Managers,  that  Prof.  Lewis  M.  Haupt  (civil  engineer),  Mr.  Carl  Hering 
{electrical  engineer)  and  Mr.  F.  Lvnwood  Garrison  (metallurgist),  members 
of  the  Institute,  who  had  expressed  their  willingness  to  act  as  representa- 
tives and  to  report  upon  subjects  within  their  respective  specialties,  be 
appointed  as  delegates  lo  the  International  Exhibition  in  Paris. 

The  recommendation  was  approved  and  the  President  and  Secretary  were 
authorized  to  issue  a  suitable  document  attesting  the  fact  over  their  signatures 
and  the  seal  of  the  Institute. 

Mr.  Wm.  B.  LeVan  read  a  paper  on  "  High  Railway  Speeds,"  illustrating 
it  with  the  aid  of  lantern  slides.  The  subject  embraced  substantially  a  com- 
parison of  English  and  American  locomotives  and  rolling  stock.  (Referred 
for  publication.) 

Capt.  E.  L.  Zalinski.  U.  S.  A.,  presented  an  oral  communication,  supple- 
menting his  remarks  at  the  March  meeting,  by  a  description  of  the  U.  S. 
cruiser  I'esuvius,  with  lantern  illustrations. 

The  Secretary's  report  embraced  a  description,  with  illustrations,  of  the 
proposed  suspension  bridge  over  the  Hudson  at  New  York,  designed  by  Mr. 
GusT.w  Lindenthal,  and  an  abstract  of  the  report  of  the  Committee  on 
Science  and  the  Arts  on  Otis  C.  White's  "  Adjustable  Extension  Movement 
in  Ball  and  Socket  Joints,"  of  which  invention  a  fine  suite  of  specimens  was 
exhibited. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 
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Fii;.  1. — Alkinson's  Gas  Engine,  i8 


Fig.  7. — Perry  s  G.is   F.ngine,  1 


Fig.  3.— Wii-lu's  C.a^-E\plo(linL;  Fngine 


Fi '.  2. — Brown's  Vacuum  Gas  Engine, 


Fig.  4.— B.irneti's  Gas  Fngine 
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Kig.  13.— Hugon.   1S64. 


Fig.  14. — Hugon,   1S64. 
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-Fig.  15.— Hugon,  1865 


Fig.  16.— Otto  Silent  Gas  Engine,   i: 
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Fig.  19.— Otto  Silent,   188 1. 


Fig.  17.— Otto-Crossley,  1877. 


Fig.  18.     Otto  Silent,   1S81. 
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Fig.  22.— Vertical  Section.     Clerk,  i8Si. 


Fig.  23. — Atkinson,  tSS6.     Section  Plan,  Re.ir  Elevation  and  Indicator  Diagram. 


3v  <j^ 


Fig   21  — Se.-linnnI 


Fi^\  2o.-Clerk-b  Gas  En^-ine     18S1. 


1-ig.  23. — Atkinson,  iKV,.     Seciion  I'lan,  Kc;ir  Elevation  and  Indicator  Diagram. 
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Fig.  24. — Skeleton  Diagran:!  of  Atkinson's  Gas  Engine. 
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[No.  1432.]  Hall  of  the  Franklin  Institute, 

Philadelphia,  April  i,  i88g. 
The  Sub-Committee  of  the  Committee  on  Science  and  the 
Arts,  constituted  by  the  Franklin  Institute  of  the  State 
of  Pennsylvania,  to  whom  was  referred,  for  examination, 

ATKINSON'S    GAS    ENGINE, 

Report  that :  They  have  examined  the  said  invention 
and  the  description  and  drawings  thereof,  as  shown  in 
letters-patent  of  Great  Britain,  No.  3,522,  dated  March 
12,  1886  {Fig.  i),  and  find  it  to  consist  of  a  combina- 
tion of  crank,  link  and  lever  movements,  with  a  single 
acting  piston  reciprocating  in  a  cylinder,  so  that  two 
strokes  of  the  piston  take  place  for  each  rotation  of 
Whole   No.  Vol.  CXXVH.  -(Third  Series,  Vol.  x<:vii.)  27 
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the  crank,  one  stroke  making  an  entire  displacement  of 
the  whole  cylinder  capacity,  and  the  other  stroke  leaving 
a  space  between  the  piston  and  back-head  of  the  c^dinder. 
Into  this  space  a  mixture  of  air  and  gas  is  drawn  and 
enclosed,  next  compressed,  and  then  ignited  or  exploded, 
propelling  the  piston  in  the  cylinder,  and  imparting  motion 
by  a  link  to  a  lev^r,  connecting  rod  and  crank.  The  piston 
then  acquires  from  the  crank,  through  the  lever  and  link,  a 
returning  motion  of  the  entire  length  of  the  cylinder,  and 
expels  the  products  of  the  combustion  of  the  former  charge ; 
next  the  piston  moves  toward  the  front  end  of  the  cylinder, 
receiving  a  charge  of  air  and  gas  equal  to  about  half  the 
capacity  of  the  cylinder;  and  the  piston  then  returning  part 
way,  compresses  such  charge  of  air  and  gas  in  the  cylinder 
ready  for  ignition  in  the  same  manner  as  the  former  charge. 

An  engine,  rated  by  the  manufacturer  at  six  horse-power, 
has  been  twice  tested  by  your  committee,  and  the  results  of 
these  tests,  which  are  tabulated  and  appended  to  this  report, 
show^  such  an  economical  performance  as  to  impress  them 
with  the  importance  of  the  machine  as  a  competitor  with 
the  steam  engine  as  a  generator  of  motive  power,  and 
to  entitle  it,  upon  its  merits,  to  a  full  and  careful  exami- 
nation. 

In  order  that  the  operation  and  special  features  of  con- 
struction of  this  engine  may  be  readily  understood,  the 
committee  deem  it  expedient  to  give  a  brief  general  account 
of  the  mode  of  operation  of  gas  engines  and  of  the  preceding 
state  of  art  in  this  field  of  invention. 

The  first  attempt  or  suggestion  of  an  engine  operated  by 
gas  is  the  proposition  of  Huyghens,  in  1680,  to  procure 
motive  power  from  the  gases  generated  by  the  ignition  of 
gunpowder. 

In  1690,  Papin  experimented  in  the  same  direction,  but 
did  not  seem  to  achieve  any  useful  permanent  results.  His 
mode  of  operation  was  to  expel  the  air  from  a  large  vessel 
through  check  valves  opening  outwards,  and  upon  cooling 
to  make  use  of  the  force  of  the  atmosphere  flowing  into  the 
partial  vacuum  or  rarefied  gases  in  the  cylinder.  This  force 
was  made  available  by  a  piston  working  in  the  vessel,  to 


June,  18S9.]  Atkinsons  Gas  Engine,  41 1 

which  piston  was  connected  a  weight  to  be  lifted  or  other 
work. 

This  cannot  strictly  be  called  a  gas  engine  as  the  explo- 
sion of  gunpowder,  containing  within  itself  both  elements, 
oxygen  and  the  combustible  so  little  resembles  the  explosion 
of  gases  made  explosive  with  oxygen  supplied  from  the 
atmosphere  as  to  make  the  operation  of  such  inventions 
entirely  dissimilar. 

The  first  appearance  of  record,  among  the  patents  for 
gas  engines,  properly  so-called,  is  in  Robert  Street's  British 
patent.  No.  1,983,  of  1794.  In  it  is  a  cylinder  provided  with 
a  piston  connected  by  a  lever  to  a  pump.  Heat  is  applied 
to  the  bottom  of  the  cylinder,  and  a  small  quantity  of  spirits 
of  turpentine  was  admitted  to  the  cylinder  and  evaporated 
by  the  heat. 

The  piston  moved  upward  and  air  entering  mixed  with 
the  turpentine  formed  inflammable  vapor ;  the  flame  applied 
at  an  aperture,  ignited  the  mixture  of  air  and  inflammable 
vapor,  and  caused  an  explosion,  driving  the  gas  piston  up 
and  the  pump  piston  down,  thus  working  the  pump  to  raise 
water. 

A  considerable  interval  of  time  elapsed  before  any  other 
recorded  gas  engine  appeared. 

vSamuel  Brown,  in  his  British  patents  respectively  num- 
bered and  dated  4,874  of  1823  and  5,350  of  1826  (/^z^.^),  shows 
a  gas  engine,  which,  whilst  possible  to  work,  does  not  promise 
any  economy,  and  is  very  cumbrous  as  compared  with  other 
devices,  giving  the  same  amount  of  power.  It  consisted  of 
a  series  of  vessels,  in  each  of  which  in  regular  succession 
the  air  was  excluded  and  expelled  by  flame  produced  therein. 
Each  vessel  was  then  closed  and  the  rarefied  air  contracted 
by  jets  of  water  injected  and  cooling  it. 

The  immediate  motive  force  with  this  apparatus  was  the 
atmospheric  pressure  pressing  into  the  partial  vacuum. 

In  connection  with  this  series  of  vessels,  Brown  employed 
several  cylinders  resembling  the  pistons  and  cylinders,  and 
valvular  constructions  for  admission  and  exhaust  of  direct 
acting  steam  engines,  the  pistons  of  which  were  attached  by 
connecting  rods  to  cranks  placed  equi-distant  angularl}-  in  a 
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shaft  so  as  to  produce  rotation  of  the  shaft,  the  air  flowing 
into  the  vacuum  performing  the  same  function  that  steam 
does  in  propelling  the  piston  of  an  engine.  The  several 
chambers  in  which  the  vacuum  was  produced  were  oper- 
ated successively,  so  that  while  one  was  being  charged  with 
gas  and  air,  another  was  being  cooled,  and  a  third  one  was 
drawing  in  the  air  propelling  the  engine  pistons. 

Whilst  this  engine  partakes  very  little  of  the  character  of 
the  present  modern  gas  engine,  it  bears  about  the  same 
relation  to  the  present  gas  engine  as  the  early  steam  water- 
raising  devices  of  Newcomen  and  Saver\'  do  to  the  present 
steam  engine. 

The  next  recorded  invention  is  that  of  Wm.  L.  Wright's 
British  patent,  6,525  of  1833  [Fig.  j).  In  this  a  double-acting 
cylinder  and  piston,  like  the  piston  and  cylinder  of  the  steam 
engine,  was  propelled  directly  by  the  explosion  of  a  mixture 
of  combustible  gas  and  air  acting  directly  upon  a  piston, 
and  imparting  motion  through  the  usual  devices  of  crank, 
connecting  rod  and  a  rotative  shaft. 

The  air  and  gas  were  compressed  by  separate  pumps 
under  low  pressure  into  reservoirs,  and  was  thus  forced  into 
chambers  at  the  end  of  the  working  cylinder,  after  ejecting 
or  displacing  the  gaseous  products,  from  the  former  stroke 
by  the  return  stroke  of  the  piston,  the  gas  was  ignited  as 
the  crank  passed  the  centre;  that  is  to  say,  when  the  piston 
was  at  rest,  the  explosion  forcing  the  piston  through  its 
whole  stroke.  At  the  end  of  the  stroke  the  exhaust  valve 
opened,  and  the  gases  resulting  from  the.  combustion  were 
discharged  by  the  returning  motion  of  the  piston  up  to  a 
point  where  the  charge  was  introduced,  when  the  charge 
was  compressed  ready  for  the  next  stroke  ;  the  ignition  was 
effected  by  a  flame  passing  through  an  aperture  into  the 
cylinder. 

No  record  appears  of  this  engine  ever  having  been  made, 
although  the  drawing  and  specification  illustrated  and 
described  its  construction  and  operation  very  fully  and 
clearly. 

The  cylinder  and  piston  are  cooled  by  a  water-jacket,  as 
in  modern  gas  engines. 
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Next  succeeding  this  is  the  engine  shown  in  Wm. 
Barnett's  British  patent,  No.  7,615  of  1838,  and  was  a  much 
more  complete  and  better  illustrated  invention  than  any 
preceding  one  {Figs.  4,  5  and  6).  The  present  system  of 
igniting  flame  first  appears  in  his  invention. 

Barnett's  description  in  his  patent  embraces  a  single 
acting  engine,  and  two  forms  of  double-acting  engines,  all  of 
which  compress  their  charge  of  air  and  gas  previous  to 
igniting  it. 

This  compression  in  the  first  two  described  forms  of 
engines  is  effected  by  primps,  and  receptacles  distinct  from 
the  motor  cylinder.  The  third  form  receives  the  charge  of 
the  explosive  mixture  from  the  pumps  directly  into  the 
motor  cylinder  and  the  motor  piston  completes  the  compres- 
sion of  such  charge. 

The  ignition  takes  place  at  the  commencement  of  each 
stroke  ;   that  is  to  say,  as  the  crank  passes  the  centre. 

The  igniting  apparatus  consists  of  a  hollow  conical  plug, 
which  contains  a  gas  jet  tube,  and  has  upon  one  side  an 
aperture  which  on  one  position  opens,  so  as  to  ignite  the 
jet  in  the  plug  from  an  external  gas  jet.  In  another  posi- 
tion, it  closes  the  connection  with  the  atmosphere  and 
external  gas  jet,  and  opens  communication  with  the  motor 
cylinder.  A  portion  of  the  compressed  charge  of  air  and  gas 
entering  the  hollow  plug  causes  ignition  and  explosion  of 
the  charge  in  the  motor  cylinder,  and  is  substantially  the 
present  flame  ignition  system  that  is  practised  in  modem 
gas  engines. 

On  page  102,  vol.  xlv.  Journal  of  the  Franklin  Insti- 
tute, there  is  a  brief  description  of  the  gas  engine,  patented 
•October  7,  1846,  in  the  United  States,  by  Stuart  Perry,  of 
New  York  City.  The  drawing  only  has  been  published  by 
the  Patent  Office,  and  is  here  reproduced  {Fig.  7).  In  it  the 
•cylinder  is  surrounded  with  water,. the  gas  is  generated  in 
the  engine  in  a  retort,  the  piston  was  to  be  lubricated  with 
water,  the  gas  ignited  by  platinum  heated  by  gas  jets  in  a 
chamber  communicatinof  at  intervals  throug-h  a  valve  with 
the  explosive  chamber. 

Considerable  attention   appears  to  have   been    directed 
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towards  the  improving  of  gas  engines  by  a  number  of 
applications  for  British  patents,  which  took  place  between 
the  date  of  Barnett's  invention  and  1855,  most  of  which 
patents  were  not  perfected,  but  were  merely  granted  for 
provisional  protection. 

In  the  absence  of  any  complete  specifications  of  them, 
we,  of  course,  are  not  informed  as  to  their  precise  con- 
struction. 

In  1855,  Dr.  Drake,  of  Philadelphia,  made  a  gas  engine, 
and  patented  it  in  the  United  States,  on  the  17th  of  April, 
1855,  in  letters-patent  No.  12,715,  an(^  communicated  the 
invention  to  Alfred  Vincent  Newton,  the  invention  is  set 
forth  in  British  patent  562  of  1855.  The  drawing  of  the 
United  ^States  patent  is  here  shown  [Fig.  8). 

This  engine  has  a  double  acting  cylinder  and  piston,  and 
receives  a  charge  of  mixed  air  and  gas  for  part  of  the  stroke, 
which  becomes  ignited  by  the  piston  uncovering  an  aper- 
ture about  midway  in  length  of  the  cylinder  communicating 
with  a  cavity  having  in  it  a  cup  of  metal  or  thimble  heated 
to  incandescence  by  an  external  blow-pipe  flame. 

This  appears  to  be  the  first  instance  in  which  the  gas 
was  ignited  by  metal  heated  to  incandescence  by  an 
external  flame ;  the  same  device  has  since  then  frequently 
reappeared  in  other  inventions. 

Whilst  Dr.  Drake's  engines  were  well  known  to  numbers 
of  persons  in  this  city,  and  exhibited  in  operation  to  many 
who  are  still  living,  it  does  not  appear  that  they  were  ever 
introduced  commercially  into  use. 

In  the  patent  of  Great  Britain,  granted  to  Barsanti 
and  Matteucci,  No.  1,655,  of  1857,  another  type  of  engine  ap- 
pears {Fig.  p) ;  in  this  a  cylinder  is  provided  with  an  air-tight 
piston  free  to  rise  and  fall  in  it,  with  a  rack  attached  to  the 
upper  side.  The  piston  was  elevated  or  projected  upwards 
in  the  cylinder  by  an  explosion  of  a  mixture  of  gas  and  air 
beneath  the  piston  and  the  rack  engaged  in,  and  turned  a 
pinion  upon  a  shaft  bearing  a  fly-wheel.  The  gases  cooling 
in  the  cylinder,  the  piston  was  forced  downwardly  by  its 
own  weight,  and  the  pressure  of  the  atmosphere  into  a  par- 
tial vacuum  in  the  cylinder,  and  turned  the  shaft  by  means 
of  the  pinion.  ' 
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A  valve  at  the  base  of  the  cylinder  served  to  discharge 
the  products  of  combustion,  and  a  cam,  on  the  shaft  oper- 
ating- tappets  upon  the  rack,  served  to  again  elevate  the  pis- 
ton a  little  distance,  so  as  to  introduce  a  fresh  charge  of  air 
and  gas,  which  was  ignited  like  the  previous  one  and  raised 
the  piston  again.  A  ratchet  and  pawl  were  provided,  so  that 
the  shaft  should  move  in  one  direction  continuously,  and 
offer  no  impediment  to  the  turning  of  the  pinion  during  the 
rise  of  the  rack  and  piston. 

These  engines  were  afterwards,  about  1867,  improved 
and  manufactured  by  Messrs.  Otto  &  Langen,  who  added  a 
centrifugal  regulator  controlling  the  igniting  apparatus,  and 
a  cooling  jacket  to  the  cylinder  {Fig.  10). 

They  were  noisy,  but  were  quite  extensively  introduced, 
and  will  be  remembered  by  many  as  a  feature  of  the  Cen- 
tennial Exposition,  in  this  city,  in  the  exhibit  of  Otto  & 
Langen,  and  were  commercially  successful. 

Lenoir's  engine  {Fig.  11)  made  its  appearance  about  i860. 

In  this  machine  the  gas  was  adm.itted  alternately  on 
either  side  of  the  piston,  working  in  the  water-jacketed  cyl- 
inder, and  ignited  by  an  electric  spark  from  a  Ruhmkorff  coil 
and  voltaic  battery. 

This  engine  found  considerable  sale,  but  was  not  eco- 
nomical and  soon  fell  into  disuse.  The  cylinders  and 
pistons  required  frequent  cleaning  (with  Philadelphia  city 
gas  daily,  and  even  oftener),  and  the  electric  igniting  device 
demanded  almost  constant  attention  to  keep  it  in  opera- 
tive condition.  Attempts  to  remedy  their  defects  appear  in 
the  United  States  and  British  patent  records,  but  seem  to 
have  been  ineffectual. 

In  1867,  the  Otto  &  Langen  engine  was  introduced  at 
the  Paris  Exposition.  Its  general  construction  we  have 
already  referred  to  in  speaking  of  the  Barsanti  and 
Matteucci  engine  upon  which  it  improved  and  showed  some 
appearance  of  economy — forty-four  cubic  feet  of  illuminat- 
ing gas  producing"  an  effective  horse-power  per  hour, 
which  was  less  than  fifty  per  cent,  of  that  required  by  the 
Lenoir  or  Hugon  enofine. 

Pierre   Hugon's    first    engine,   patented    to    him    in    the 


4i6  Comuiittcc  :  f  J.  F.  I., 

United  States,  January  19,  1864  {Figs.  12,  ij  and  i^), 
operated  by  displacing  a  water  column  by  the  explosion  of 
air  and  gas,  and  moving  the  power  piston  in  a  C3dinder  by 
the  reaction  of  the  pressure  of  the  water  column,  the  pur- 
pose being  to  secure  longer  and  more  uniform  action. 
This  was  speedily  followed  by  his  engine,  patented  August 
8,  1865,  in  letters-patent  of  the  United  States  Xo,  49,346  {Fig. 
ij) ;  the  latter  being  merely  the  Lenoir  engine,  with  a  flame 
ignition  substituted  for  the  electric  spark.  This  ignition 
apparatus  was  in  the  form  of  a  slide  instead  of  the  rotative 
device  of  Bamett.  It  is  of  the  general  character  of  the 
igniting  slides  now  used  in  gas  engines. 

In  1876,  the  Otto  "Silent"  appeared,  which  embodied  a 
scheme  or  method  of  working,  described  by  Beau  de 
Rochas,  in  a  pamphlet  published  in  Paris  in  1862,  which  is 
here  shown  in  the  drawings  from  his  United  States  patent 
190,047,  dated  August  14,  1877  {Fig.  16).  In  this  the  piston 
derives  its  impulse  from  gas  compressed  in  a  chamber  at  one 
end  of  the  cylinder,  and  having  completed  its  outward  stroke 
returns  whilst  the  exhaust  remains  open,  and  the  products 
of  combustion  resulting  from  the  explosion  and  combustion 
in  the  outward  stroke  are  expelled,  as  nearly  as  may  be,  by 
the  next  out-stroke  which  is  made  with  the  exhaust  valve 
remaining  open ;  the  supply  of  fresh  air  and  gas  commin- 
gled with  it,  is  received  in  the  cylinder ;  the  exhaust  valve 
now  closes,  and  the  returning  stroke  of  the  piston,  produced 
by  the  momentum  of  the  fly-wheel  and  action  of  the  crank 
and  connecting  rod  compresses  the  charge  of  gas  into  the 
chamber  at  the  end  of  the  cylinder,  and  being  ignited, 
another  propulsion  of  the  piston  takes  place,  during  one 
outward  stroke  only  in  every  second  revolution.  In  other 
words,  three  strokes  of  the  piston  without  any  development 
of  power  must  occur  to  procure  one  stroke  from  which  the 
fly-wheel  and  connecting  parts  receive  any  impetus. 

This  cycle  of  working  is  an  essential  characteristic  of  the 
modern  gas  engines  of  Otto,  and  the  function  effected  by  it 
of  compression  of  the  charge  of  gas  and  air  are  character- 
istic of  all  the  present  economical  gas  engines.  The  several 
inventions  for  improvements  in  gas  engines  are  for  the 
means  and  methods  of  effectinsf  such  functions. 


June,  1889.]  Atkinsoiis   Gas  Engine.  417 

The  Otto  gas  engine  has  been  improved  in  its  details  by 
Wm.  J.  Crossl^y,  of  Manchester,  England,  who  has  given  the 
invention  its  present  well-known  form.  There  have  been 
manv  improvements  in  details  patented,  which  it  is  unneces- 
sarv  to  particularize  in  this  report  {Figs.  //,  18  and  ig). 

In  the  Clerk  gas  engine  {Figs.  20,  21  and  22),  the  functions 
of  purging,  charging  and  compression  are  effected  by  means 
of  pumps  supplying  air  and  gas.  It  will  be  seen  upon  inspec- 
tion of  any  of  these  gas  engines  that  the  space  occupied  by  the 
charge  at  the  commencement  of  the  power  stroke,  is  beyond 
the  displacement  of  the  piston,  and  therefore  may  retain  a 
portion  of  the  products  of  combustion  from  the  previous 
power  stroke,  which  dilutes  the  next  charge  and  impairs  its 
effect. 

The  method  of  operation  of  all  gas  engines,  as  compared 
with  other  heat  engines,  as  for  instance  steam,  is  essentially 
dissimilar.  In  the  steam  engine  the  heat  is  imparted  to  the 
fluid  by  conduction,  a  great  deal  of  heat  is  required  in 
convertinof  water  into  the  graseous  state  or  steam,  and  a 
great  deal  of  heat  is  wasted,  both  in  the  combustion  of  the 
fuel  and  in  its  transmission  through  the  material  of  the 
boiler,  as  well  as  by  conduction  and  radiation  from  the 
pipes,  valves,  cylinders,  etc.  In  the  best  steam  engine  this 
is  diminished  to  the  lowest  point  practicable  by  working  rap- 
idly, thus  avoiding  long  contact  of  the  steam  with  the  work- 
ing parts  of  the  engine,  and  by  protecting  against  radiation 
by  slow  conducting  coverings.  In  the  gas  engine,  the 
expansible  fluid  is  atmospheric  air,  the  fuel  is  the  gas, 
which  is  commingled  with  the  air,  and  contributes  to  its 
volume,  and  when  ignited  imparts  its  heat  directly  to  the 
mixture  instead  of  transmitting  it  through  any  intervening 
partition.  The  sources  of  loss  of  power  in  gas  engines  are 
the  cooling  of  the  gases  and  the  air  before  imparting  their 
force  to  the  mjoving  piston. 

It  is  necessary  in  these  constructions,  from  the  high  tem- 
perature resultant  from  the  explosion  or  the  combustion  of 
the  gas  and  air  to  maintain  the  cylinder  at  a  much  lower 
temperature  than  that  of  the  gases,  so  that  the  correct 
fitting  of  the  piston  and  cylinder  may  be  preserved.     This 
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is  done  by  a  circulation  of  water   through    a   jacket    sur- 
rounding- the  cylinder. 

The  best  economy  would  indicate  that  the  greatest 
capacity  of  the  cylinder  with  the  least  surface  would  be  the 
best  proportions  for  such  cylinders,  and  practice  appears  to 
verify  this  inference.  To  utilize  the  force  with  the  least 
waste  from  conduction  by  the  cylinder,  and  the  quickest 
transmission  of  the  force  from  the  exploded  gases  through 
the  moving  piston  to  the  fly-wheel  (which  is  the  reservoir  of 
power  in  these  engines),  have  proved  to  be  the  best  practice. 

The  Atkinson  gas  engine  (Fig.  2j),  which  is  the  subject  of' 
examination  and  test  by  this  committee,  is  an  endeavor  to 
combine  these  several  indications  of  economical  practice  in  a 
simple  machine.  Instead  of  making  the  two  revolutions  of 
the  crank  shaft  to  procure  one  impulse  from  the  explosion 
of  gas  and  air,  the  piston  of  this  engine  is  connected  indi- 
rectly by  a  peculiar  system  of  lever  and  link  or  connecting 
rod  to  the  crank,  so  that  when  the  crank  makes  one-half 
revolution  the  piston  passes  out  to  the  front  or  open  end  of 
the  cylinder  and  returns  close  up  to  the  back  end  thereof. 

In  the  next  half  revolution,  the  piston  passes  out  midway 
toward  the  front  end  of  the  cylinder,  and  makes  only  a  par- 
tial return  stroke,  during  which  time  it  receives  and  com- 
presses a  charge  of  gas.  This  is  ignited,  and  the  piston  is 
propelled  outward  a  full  stroke  in  less  than  a  fourth  revolu- 
tion of  the  crank,  and  returns  close  to  the  back  end  of  the  . 
cylinder,  displacing  all  the  products  of  combustion  from  the 
previous  stroke,  and  leaving  the  cylinder  free  to  receive  an 
entire  charge  of  air  and  gas. 

The  expansion  of  the  charge  after  explosion  is  to  about 
double  its  original  volume  and  down  to  atmospheric  pres- 
sure, thus  utilizinof  all  the  force  g-enerated  and  not  absorbed 
by  the  cylinder  and  piston  as  heat.  The  exhaust,  as  a  con- 
sequence, is  noiseless. 

The  arrangement  of  levers  and  links  for  effecting  this 
are  shown  in  the  drawings  inarked  Fig.  /,  which  show  a 
lengthwise  vertical  section  of  the  engine.  The  angular  dis- 
tances through  which  the  lever,  link  and  crank  operate  upon 
each  other  in  performing  their  several  functions,  are  shown 
in  Fig.  2^. 
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The  distribution  of  force  is  shown  in  Fig.  2^,  as  is  also 
the  pressure  upon  the  piston  by  an  indicator  diagram  on 
the  same  figure. 

The  resistance  encountered  during  the  short  compression 
stroke  is  shown  in  the  triangular  shaded  lower  left  portion 
of  the  diagram,  whilst  the  large  triangular  part  of  the 
diagram  represents  the  development  and  utilization 
of  force.  The  relative  areas  of  these  figures  indicate  the 
extent  of  charge  consumed  and  the  economy  derived  from 
the  expansion  of  the  products  of  the  explosion. 

It  will  be  seen  that  the  absorption  and  transmission  of 
power  from  heated  gases  through  the  piston,  lever,  link  and 
crank  to  the  fly-wheel  is  through  a  very  short  fraction  of  a 
revolution.  The  construction  of  the  details  of  the  engine 
is  shown  in  the  remaining  figures.  The  admission  of  gas 
is  made  through  an  annular  port  surrounding  the  air- 
admission  valve  and  ensures  the  mixing  of  the  air  and  gas 
as  they  enter.  The  exhaust  is  discharged  through  a  poppet 
valve  controlled  by  a  cam,  and  both  valves  are  brought  to 
their  seats  by  a  single  spring  operating  a  yoke  to  the  ends 
of  which  these  valves  are  connected.  The  regulation  of 
velocity  is  by  a  centrifugal  governor,  which  moving  a  block 
to  one  side  or  the  other,  as  the  speed  may  be  accelerated  or 
retarded,  connects  or  disconnects  the  gas-admitting  valve 
from  its  operating  cam. 

The  ignition  of  the  gaseous  mixture  is  effected  by  a  tube 
closed  at  the  outer  end,  with  one  end  open  to  the  C3dinder 
and  the  other  closed  and  heated  by  an  external  flame  from  a 
Bunsen  burner  located  inside  of  a  non-conducting  chamber 
or  chimney. 

It  is  found  by  observation  that  the  six-horse  engine 
under  examination  steadily  maintained  a  remarkable  uni- 
formity of  speed. 

Two  tests  were  made  of  the  engine  by  your  committee. 

Records  of  these  tests  are  here  tabulated  and  shown.  The 
engine  was  rated  commercially  as  a  six-horse-power  engine. 
It  developed  a  brake  power  in  one  experiment  of  iO"3  horse- 
power with  an  expenditure  per  brake-pov/er  of  22"25  cubic 
feet  of  gas  hourly  per  brake. 
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Upon  the  second  test  it  developed  8-6  per  brake  horse- 
power with  the  expenditure  of  22*3  cubic  feet  of  gas  per 
hour  per  horse-power. 

In  making-  these  tests  the  quantity  and  increase  of  tem- 
perature of  cooling  water  were  carefully  noted. 

For  the  purpose  of  ascertaining  and  apportioning  the 
causes  of  loss  or  disappearance  of  the  force  due  to  the  explo- 
sion of  the  gas  consumed,  the  following  data  are  submitted : 

Assuming  that  the  quality  of  gas  supplied  from  the  city 
works  of  Philadelphia  to  be  equal  to  that  of  the  London 
Gas  Works,  and  containing  6387  units  of  heat  per  cubic 
foot,  then  the  absorption  of  the  power  appears  in  the  work 
done  on  the  brake,  as  i8*i32  per  cent,  of  the  theoretic  power 
of  the  gas.  26-87  appears  in  increased  temperature  of  the 
cooling  water,  and  the  balance,  about  -^-^-^,  disappears  as 
chargeable  to  losses  by  radiation,  friction  and  imperfect 
combustion. 

This  while  it  looks  very  wasteful,  when  we  consider  how 
very  little  the  best  steam  engines  show  of  useful  effect  for 
the  units  of  heat  contained  in  the  fuel,  is  not  only  remark- 
abl}^  good  economy,  but  shows  an  inviting  field  open  to 
further  experiment,  and  promising  remunerative  economy. 

The  engine  tested  by  your  committee  is  of  foreign  manu- 
facture. The  manufacture  of  such  engines  embodying  this 
invention  is  now  being  commenced  in  this  city  and  prom- 
ises to  become  an  important  industry. 

In  preparing  the  report  your  committee  found  it  requi- 
site to  a  clearer  understanding  of  this  subject  to  examine 
all  of  the  specifications  of  the  United  States  patents  on  this 
subject.  In  so  doing  they,  of  course,  found  much  that  was 
irrelevant  to  their  present  inquiry,  but  to  discover  what  was 
requisite  to  guard  against  mistakes  in  finding  the  state  of 
the  art,  no  other  course  appeared  safe. 

The  United  States  patent  specifications  and  drawings 
inspected  in  this  case  number  188  patents,  many  of  them 
containing  several  sheets  of  drawings.  The  foreign  patents, 
some  twenty-seven,  are  for  the  most  part  repetitions  of  the 
American  patents. 

The  conclusions  indicated  by  the  test  are  that    James 
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Atkinson's  gas  engine  surpasses  all  preceding  gas  engines 
in  simplicity,  economy,  perfection  of  regulation,  and  uni- 
form steadiness  of  power,  and  is  deserving  of  recogni- 
tion by  an  award  of  the  John  Scott  Legacy  Premium  and 
Medal. 

[Signed]  S.  Lloyd  Wiegand, 

Chairman  Sub-Covimittee. 
Wm.  H.  Thorne,         ■  Luther  L.  Cheney, 

Coleman  Sellers,  E.D.,  Samuel  R.  Marshall, 

Moses  G.  Wilder,  Arthur  Beardsley. 

Adopted  May  g,  i8Sg. 

[Signed]  S.  Lloyd  Wiegand. 

CJiairman  Committee  on  Science  and  the  Arts. 


BLINDNESS   and   the   BLIND. 


By  L.  Webster  Fox,  M.D. 


\_A  lecture  delivered  before  the  Franklin  Institute,  February  pj,  i88gr\ 

The  Lecturer  was  introduced  by  Prof.  Edwin  J.  Hous- 
ton, of  the  Institute,  and  spoke  as  follows : 

Members  of  the  Institute,  Ladies  and  Gentlemen  : 

"The  character  of  a  man  may  be  read  in  his  face."  *  I 
make  an  addendum  and  say,  a  man's  character  may  be  read 
in  his  eye.  Physiognomy  is  understood  by  all  to  a  greater 
or  lesser  degree.  The  physiognomy  of  the  eye  is  the  more 
subtle  science,  hence  requiring  a  more  extended  study. 

The  eye  is  an  index  to  the  workings  of  the  brain :  "  It 
participates  in  all  its  emotions,  expresses  the  most  lively 
sensations,  passions  the  most  tumultous,  feelings  the  most 
delightful  and  sensations  the  most  delicate."  t  One  author 
calls  it,  "The  tongue  of  the  understanding." 

We  all  feel  that  vision  is  the  most  valuable  of  the  senses, 
for  by  it  we  enjoy  the  beauties  of  nature,  it  is  also  a  source 
of  our  learning  and  a  medium  of  communication.     While 

*  Lord  Kames.  f  Lavater. 
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modern  methods  have  given  the  blind  better  advantages 
for  knowledge,  yet  even  the  senses  retained  by  the  blind 
seem  to  be  less  acute  to  external  impressions,  than  to  those 
who  have  vision. 

The  most  unfortunate  affliction  to  any  one,  is  to  lose  his 
sight.  Goethe  says:  "To  live  and  not  see  is  unfortunate." 
Milton,  the  great  poet,  suffered  with  a  disease  of  his  eyes 
which  eventually  ended  in  blindness.  At  that  time  the 
nature  of  his  malady  was  not  understood.  Science  has 
advanced,  and  such  cases  are  now  successfully  treated. 
Milton's  blindness  was  to  him  a  great  grief.  His  mind  was 
of  the  brightest,  and  most  prolific  in  gems  of  noblest 
thoughts. 

One  could  almost  fancy  that  he  would  have  lived  within 
himself  and  been  happy  with  his  thoughts,  but  no,  he  says : 

"  Thus  with  the  year, 
Seasons  return,  but  not  to  me  returns 
Day,  or  the  sweet  approach  of  eve  or  morn, 
Or  sight  of  vernal  bloom,  or  summer's  rose 
Or  flocks  or  herds  or  human  face  divine  : 
But  clouds  instead,  and  ever  during  dark 
Surround  me,  from  the  cheerful  ways  of  men 
Cut  off,  and  for  the  book  of  knowledge  fair 
Presented  with  a  universal  blank 
Of  nature's  works,  to  me  expunged 
And  wisdom  at  one  entrance  quite  shut  out." 

In  strolling  through  an  unfrequented  street  of  London, 
several  years  ago,  I  found  on  the  shelves  of  an  old  book 
stall,  a  book  which  attracted  my  attention,  the  title  of 
which  was,  "Blindness  and  the  Blind."  It  was  of  more 
than  ordinary  interest  to  me,  and  from  time  to  time  I  have 
read  it  with  renewed  interest.  From  its  title,  I  have  taken 
the  subject  for  my  lecture  this  evening,  and  as  I  have 
gained  much  information  of  interest '  to  me  from  this  work, 
I  have  taken  the  liberty  of  making  several  extracts  from  the 
same. 

Probably  at  no  time  in  the  history  of  the  science  of 
medicine  has  there  been  so  much  attention  given  to  the 
effort  to  prevent   blindness,   correcting  visual    defects,   or 
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operations  devised  for  the  restoration  of  vision,  than  at  the 
present  day. 

In  my  rambles  through  the  picture-galleries  of  Europe, 
I  do  not  remember  of  ever  seeing  a  single  portrait  where 
any  defect  of  the  eye  had  been  noted.  It  would  be  difficult 
to  portray  a  cataract,  but  one  would  expect  to  see  an  occa- 
sional crossed  eye.  Sometime  ago  I  had  the  opportunity  of 
becoming  the  owner  of  a  few  engravings  of  celebrated  men 
of  years  ago.  In  this  collection,  I  found  two  defects,  one  a 
crossed  eye,  the  other,  where  the  color  of  one  was  unlike  its 
fellow,  one  being  gray,  the  other  being  black  or  brown.  I 
remember  having  once  seen  a  negro  child  whose  color  indi- 
cated a  pure  African  descent,  yet  this  child  had  beautiful 
blue  eyes. 

Before  entering  into  the  subject  germane  of  my  lecture, 
I  must  speak  of  the  very  great  importance  which  light  plays 
in  the  development  of  vision  and  the  assistance  which  the 
eye  receives  from  it  in  the  performance  of  its  functions. 
The  immediate  instrument  of  visual  perception,  light, 
enables  us  to  distinguish  colors,  to  recognize  form  and  to 
measure  distance.  Light  may  be  too  intense,  too  over- 
stimulating,  when  this  takes  place  we  are  as  liable  to  have 
blindness  as  in  its  absence. 

Any  theory  which  supposes  the  properties  of  an  external 
world  to  be  only  those  which  the  mind  can  create  for  itself, 
mistakes  the  question.  External  properties  may,  and  do, 
exist  without  our  perception  of  them,  and  any  failure  to 
perceive  is  not  proof  against  an  external  existence.  Others 
may,  and  do,  see  that  which  we,  for  a  time,  fail  to  see,  or 
have  not  the  capacity  for  seeing. 

The  overstimulating  effect  of  light  on  the  human  eye  is 
to  be  noted  by  the  effects  produced.  Since  the  introduction 
of  the  electric  light  into  workshops,  a  new  disease  has 
developed.  I  may  state  that  as  soon  as  the  attention  of  the 
medical  profession  was  called  to  this  fact,  the  light  was 
rendered  less  inten.se,  and  the  evils  caused  by  it  have  dis- 
appeared. Occasionally  we  still  find  workmen  who  are 
subjected  to  this  torture.  It  is  a  well-known  fact  that  men 
who  work  in  furnaces  or  puddling  mills  are  subject  to 
premature  cataracts. 
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The  enthusiast,  who  watches  a  solar  eclipse  without  pro- 
tecting his  vision,  pays  for  his  rashness  by  developing  a 
central  blind  spot  which  may  not  disappear  for  years,  or 
may  leave  him  permanently  blind.  Dr.  Whitney  reported 
seven  cases  of  premature  injury  to  the  vision  in  Japanese 
students  from  exposure  to  sunlight  during  the  last  eclipse. 
On  another  occasion,  an  engineer  was  rendered  blind  by 
exposure  to  the  light  of  a  powerful  electric  arc.  The  intense 
glare  of  the  snow  is  also  productive  of  blindness.  It  is  not 
unusual  for  woodsmen  or  hunters  to  become  so  affected. 
The  intense  glare  of  the  tropical  seas  also  produces  blind- 
ness, known  as  "  moon-blindness,"  erroneously  attributed  to 
the  effect  of  the  rays  of  the  moon,  but  in  realit}^  caused  by 
the  sun's  rays. 

Light  is  essential  for  the  development  of  vision,  as  the 
retina  must  have  a  certain  amount  of  stimulus  to  develop 
its  action.  In  illustration  of  this  fact  w^e  may  simply  refer 
to  the  blind  fish  of  the  Mammoth  Cave. 

Disease,  in  various  forms,  plays  a  part  in  causing  blind- 
ness. At  one  time  small-pox  was  a  most  prolific  cause  of 
loss  of  sight.  Measles  and  other  eruptive  fevers  still  cause 
much  blindness.  In  thickly  populated  countries,  where 
about  one-third  of  the  population  become  affected,  visual 
defects,  in  consequence,  are  enormously  great.  In  hot  and  dry 
countries  ophthalmia  is  exceedingly  prevalent.  Napoleon, 
when  in  Egypt,  had  at  one  time  about  one-fourth  of  his. 
army  affected.  This  form  of  disease  is  exceedingly  con- 
tagious, and  a  similar  form  of  disease  finds  its  origin  in 
schools  and  institutions  where  cleanliness  is  overlooked. 

Epidemics  of  pink-eye  still  live  within  the  recollection  of 
manv  present  this  evening.  While  these  diseases  do  not, 
as  a  rule,  lead  to  blindness  directly,  yet  the  secondary  results 
are  baneful. 

In  looking  over  the  statistics,  I  tind  that  the  social  life  of 
a  country  has  much  to  do  with  the  development  of  vision. 
The  Germans  are  proverbially  near-sighted.  In  walking 
through  the  street  of  any  garrisoned  city  of  the  German 
Empire,  one  is  struck  by  the  number  of  officers  wearing 
glasses.     The  English,  as  a  nation,  are  far-sighted.     In  our 
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own  country  we  find  the  same  law  holding  good.  The  com- 
munity, descendants  of  English,  retain  this  primal  defect  of 
their  ancestors.  The  German  community  the  same. 
Where  there  has  been  a  commingling,  the  prepotency  of 
the  sti-onger  is  shown,  and  the  "American  eye"  is  the 
result.  By  this  I  mean  the  astigmatic  eye.  Astigmatism 
may  be  either  of  that  kind  known  as  far-sighted  or  near- 
sighted, or  a  mixture  of  both. 

A  very  interesting  examination  of  Indian  school  children 
was  made  by  myself  some  years  ago.  Those  just  from 
their  Western  homes  or  those  who  had  been  in  school  but 
a  very  short  time  I  found  had  exceedingly  good  vision, 
above  the  average  of  the  American  boy  or  girl.  When  I 
came  to  examine  the  boys  and  girls  of  the  Creek  tribe,  here 
I  found  that  civilization  had  pla.ced  her  hand  upon  them. 
Near-sighted  ones  were  common.  This  tribe,  let  it  be 
remembered,  have  been  more  or  less  civilized  for  fifty 
years. 

To  prove  still  farther  that  class  application,  and  espe- 
cially the  amount  of  study  now  required  by  teachers  and 
possibly  by  directors  of  our  public  schools,  is  making  the 
younger  generation  a  generation  of  myopes  or  near-sighted 
individuals,  let  me  quote  from  Dr.  Cohn,  who  examined 
io,CH3o  school  children,  17 -i  per  cent,  or  more  than  one-sixth 
of  whom  were  near-sighted.  No  village  children  were  found 
to  be  short-sighted  until  they  had  been  at  least  half  a  year 
at  school.  Dr.  Derby,  of  Boston,  found  the  same  defect 
co-existing  to  *a  greater  or  less  degree  with  the  time 
students  had  spent  at  Yale.  My  friend.  Dr.  Risley,  of  this 
city,  some  years  ago,  made  a  careful  examination  of  the 
eyes  of  children  attending  the  public  schools.  He  found 
many  defects.  Beer,  the  famous  ophthalmic  surgeon,  seventy 
years  ago  wrote  against  forcing  school  children.  He  said  : 
"  I  have  done  much  to  impress  upon  parents  and  friends,  in 
the  most  friendly  manner  and  upon  the  most  convincing 
grounds,  the  mischievous  effects  upon  the  eyes  of  growing 
children  of  the  forcing  system  of  the  present  day  in 
schools,"  Note  the  result.  Anyone  who  has  travelled 
through  Germany  or  Austria  is  struck  by  the  number  of 
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individuals  wearing  glasses.  Three  generations  have 
passed  away  since  Beer  wrote  the  above  sentences,  -but  his 
prophecy  has  born  its  fruit.  The  Germans  are  to-day  a 
near-sighted  race. 

Workmen  on  fine  work  always  complain  of  defective 
vision.  So  common  are  these  troubles  that  physicians  have 
long  ago  ceased  to  give  such  diseases  technical  names,  but 
such  names  as  illustrate  the  occupation  of  the  individual. 

The  ancients  knew  that  the  glare  from  white  hot  metals 
would  cause  blindness  in  a  very  few  moments,  and  was  a 
frequent  means  of  punishment  for  their  criminals  or  pris- 
oners of  war.  It  was  supposed  that  Samson  was  in  this 
way  blinded  by  the  Philistines.  Nebuchadnezzar  blinded 
Zedekiah  by  this  means.  Levy  tells  us  that  Pope  Paschal, 
in  824,  put  out  the  eyes  of  every  monk  who  preached  fidelity 
to  the  Emperor  of  Germany.  In  873,  Charles  the  Bald,  King 
of  France,  put  out  the  eyes  of  one  of  his  sons,  w^ho,  having 
been  made  a  monk  against  his  will,  had  escaped  and  set  his 
father  at  defiance.  In  1004,  the  King  of  Poland  conquered 
Bohemia  and  destoyed  the  vision  of  its  duke.  These  horrors 
are  surpassed  by  the  fiendish  conduct  of  the  Emperor  of 
Basilus,  who,  having  in  10 13  defeated  the  Bulgarians,  put 
out  the  eyes  of  his  prisoners,  15,000  in  number,  leaving  only 
one  person  in  a  hundred  with  one  eye  to  guide  the  sightless 
beings  to  their  homes.  Even  in  England,  blinding  pris- 
oners of  war  or  state  was  a  common  mode  of  punishment. 
It  is  said  that  Ivan  the  Terrible,  Czar  of  Muscovy,  after 
the  completion  of  the  cathedral  in  Moscow,  had  the  eyes  of 
the  architect  put  out,  lest  he  should  ever  construct  another 
building  equal  to  it  in  beauty. 

As  I  stated  previouslv,  ophthalmia  was  a  prolific  source  of 
blindness.  It  is  said  that  in  the  twelfth  century  the  streets 
of  English  towns  were  beset  by  Crusaders  who  had  returned 
from  the  Holy  Land,  where  they  had  lost  their  vision  from 
this  disease.  In  France,  the  attention  of  good  King  Louis 
IX  was  called  to  the  large  number  of  these  blind  indi- 
viduals wandering  about  the  streets  of  Paris,  and,  in  1 260, 
founded  an  institution  for  their  reception,  where,  to  this 
dav,  the  good  work  then  done  is  shown   in  the  magnificent 
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institution,  where  the  blind  from  all  parts  of  France  are 
admitted.  I  visited  this  institution  recently,  which  is  now 
the  oldest  institution  for  the  blind  in  Europe.  At  this  time 
I  take  the  opportunity  of  mentioning,  and  with  just  pride, 
that  among  the  many  charitable  institutions  of  Philadel- 
phia, none  rank  higher  in  their  record  of  good  work  than  the 
Institution  for  the  Blind,  at  Twentieth  and  Race  Streets. 

There  is  one  kind   of  blindness,  I   am   sorry  to  say,  for 
which   the  American  Continent  may  be  held  responsible. 
While  many  cases  do  not  exist,  yet  they  are  to  be  found. 
I  believe,  however,  that  it  is   a  more   frequent   source  of 
injury  to  vision  .than  we  like  to  admit.    I  refer  to  the  abuse 
of  tobacco.     Tobacco   abuse,  while  it  mav  lead  to  absolute 
blindness,  first  may  weaken  the  muscles  of  accommodation, 
thereby  causing  no  end  of  visual  difficulties,  but   also  pro- 
ducing loss  of  power  in  recognizing  colors  or  color-blindness, 
a  defect,  which,  when  existing  among  engine  drivers,  may 
peril  the  lives  of  many  people  entrusted   to  their  care.     At 
the  last  meeting  of  the  British  Medical  Association,  held  in 
Glasgow,    Dr.    Bickerton,    of    Liverpool,    read    a   paper    on 
"Sailors    and    their   Eyesight,"  including    color-blindness. 
He  is  persuaded  that  many  accidents  at  sea,  both  collisions 
and    strandings,    are   caused   by    defective    eyesight.      To 
begin  with  color-blindness.   Dr.  Bickerton  gives  two  cases 
in  which  accidents  have  been  proved  to  have  been  directly 
due   to   this  cause.     Both  accidents   happened  in  our  own 
country.     The  first  is  a  collision  which  took  place,  in    1875, 
near  Norfolk,  Va.,  between  the   steam   tug  Lnniberuian  and 
the  steamer  Isaac   Bell.     The  master  of  the   former  vessel 
asserted  that  before  the  collision  he  saw  the  latter's  red  or 
port  light,  and  mantEuvred  his  own  ship  accordingly.     All 
the  other  evidence  proved  beyond  a  doubt,  that  only  the 
green  or  starboard  light  of  the  Isaac  Bell  could  have  been 
visible  to  the  Lunibervian.     The  master's  mistake,  throuofh 
which   ten  lives   were  lost,  remained  inexplicable   until    a 
surgical  examination,   four  years   later,  proved  him  to   be. 
color-blind.     These  facts  are  attested  by  the  Annual  Report 
for  1880  of  the  United  vStates  Inspector  General  of  Steam 
Vessels.     The  second  case  is  given  on  the  authority  of  the 
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Shipping  and  Mercantile  Gazette  and  Lloyd' s  List.     It  is  there 
stated  that  the  steamer  City  of  Austria  was  lost  in  the  harbor 
of  Fernandina,  Florida,  in  April,  1881,  owing  to  the  defective 
eyesight  of  the  pilot,  who  was  unable  to  distinguish  the 
colors  of  the  buoys.     Dr.  Bickerton,   in  addition,  mentions 
the  collision  which  took  place  last  January  between  the 
Toronto  and   the  Freidis,  in   St.  George's  Channel.     In  that 
case,  according  to  the  evidence  given  at  the  Board  of  Trade 
inquiry,  the  lookout  man  saw,  before  the   collision,  only  a 
green  light ;  while  the  captain,  mate  and  quartermaster  saw 
first  a  red  and  then  a  green  one.     The  man  denied  that  he 
Avas  color-blind,  but,  as  Dr.  Bickerton  stated,  it  was  in  the 
last  degree  unlikely  that  he  would  admit  such  a   defect. 
The    last    instance    given   is    the    too    notorious    collision 
between  the    ]^anguard  and   the  Iron   Duke,  in    1875.     That 
collision  was  due  to  the  fact,  that  the  Iron  Duke  steered  out 
of  line    just  when  the  J^anguard  wa.^  slackening  her  speed, 
and  this  reduction   of   speed,  without  which   the   collision 
would  not  have  taken  place,  was  due  to  the  report  of  the 
lookout  man  that  a  ship  was  crossing  the  bows  of  the  iron- 
clad.    Nobody  else  saw  this  ship,  though  four  other  men 
were  on  the  lookout,  and  the  man  who  reported  her  admitted 
afterwards  that  his  eyesight  was  defective  and  that  he  had 
been  twice  treated  for  blindness  of  the  right  eye.     The  facts 
of  this  case  are  given  on  the  authority  of  the  official  reports 
of  the  court  martial ;  and  here,  at  any  rate,  it  seems  clearly 
established   that   defective    eyesight   was    a    contributing 
cause  of  a  most  disastrous  collision.     On  board  the  ships  of 
our   Trans-Atlantic  lines,  we  believe,  the   utmost   care   is 
taken  in  the  selection  of  men  for  the  responsible  post  of 
lookout.     As  Lord  Brassey,  speaking  of  the  Vanguard  case, 
said  in  the  House  of  Commons :     "The  entire  management 
and  manoeuvring  of  a  ship  by  the  officers  in  command  may 
depend  on  the  experience  and  judgment  of  the  men  on  the 
lookout  aloft,  and  if  they  are  not  efficient,  the  gravest  con- 
sea  uences  may  ensue."     It  therefore  becomes  evident  that  as 
long  as  signals  at  sea  are  given  by  colored  lights,  color- 
blindness is  a  fatal  defect  in  a  lookout  man,  and  as  the  side 
lio-hts,  which   every  vessel   carries   to  indicate  her  position 
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and  course,  are  red  and  green — the  two  colors  most  com- 
monly confused — the  defect,  when  it  exists,  is  particularly 
apt  to  lead  to  disastrous  results.  In  fact,  the  authorities 
have  recognized  the  force  of  these  a  priori  considerations 
by  making  it  compulsory  upon  all  persons  presenting  them- 
selves for  officers'  certificates  to  submit  to  a  color  examina- 
tion. In  our  country,  the  subject  of  color-blindness  has 
received  much  attention,  and  we  may  all  feel  sure  that  our 
engine  drivers  are  men  who  can  distinguish  the  difference 
in  shade  between  a  bright  scarlet  or  a  green  light.  When 
we  know  that  forty  men  out  of  every  thousand  have  this 
defect  to  a  greater  or  less  degree,  we  see  the  importance  of 
having  such  men  undergo  an  examination.  It  would  be  to 
the  advantage  of  all  boys  to  undergo  such  an  examination 
once  in  their  school  life.  Where  the  defect  exists,  let  them 
know  it,  and  their  life  work  be  so  arranged  for  them  that  at 
some  epoch  in  their  lives  they  may  not  find  themselves  dis- 
qualified for  following  an  occupation  selected  for  them.  A 
color-blind  would  be  useless  where  the  selection  of  color 
entered  into  his  life  work.  Color-blinds  make  the  best 
etchers,  steel  engravers,  or  wood  engravers,  for  they  possess 
what  is  known  to  their  profession  as  the  "  recognition  of 
tone."  The  man  having  normal  color-sense  depends  on 
shade.  But  two  women  in  one  thousand  are  color-blind. 
The  savage  races  possess  the  perception  of  color  to  a  greater 
degree  than  the  civilized  races.  In  an  experience  of  ten 
•  years  I  have  found  only  one  individual  who  was  totally 
color-blind.  Those  blind  to  red  and  green,  as  I  stated  pre- 
viously, are  common.  The  usual  tests  for  color-blindness 
are  the  matching  of  wools.  Not  the  naming  of  colors,  as 
names  var}'-,  and  what  might  be  called  light  green,  might  in 
some  other  language  be  called  a  light  blue,  and  the 
individual  who  makes  the  assertion  be  perfectly  correct.  A 
person  might  in  this  way  be  put  down  as  a  color-blind, 
when  it  was  simply  a  case  of  mistaken  nomenclature. 

A  color-blind  engineer  on  a  clear  night  could  not  very 
easily  make  a  mistake  in  recognizing  his  danger  signal,  for 
he  will  long  before  have  learned  that  the  light  from  the  red 
light  is  not  as  clear  as  that  from  a  white  or  even  so  much  as 
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from  a  green.  This  is  the  reason  why  it  is  found  that  color- 
blind engineers  have  escaped  accidents.  I  can  recall  an 
incident  of  this  kind.  A  number  of  color-blinds  were  tested 
in  the  ordinary  way,  by  red  and  green  lights.  It  was  soon 
found  that  two  out  of  three  men  recognized  the  colors 
correctly.  Our  tests  were  carried  on  in  the  open  air  on  a 
dark,  but  clear  nio^ht,  with  the  stars  shininof  bright.  It 
puzzled  us  very  much.  Suspecting  that  the  men  had  certain 
information  which  they  were  using,  they  were  taken  into  a 
building  and  submitted  to  the  same  tests,  with  a  result 
which  proved  them  to  be  color-blind.  They  then  confessed 
that  they  had  used  a  bright  shining  star  as  their  guide. 
The  light  from  the  green  light  approached  the  light  emitted 
from  the  star,  yet  when  the  red  light  was  turned  on,  the 
light  was  not  nearly  so  bright  as  the  white  or  green  light. 
One  of  the  simpler  ways  of  testing  for  this  defect,  is  by 
placing  before  the  candidate  a  large  collection  of  wools, 
including  all  the  chief  colors,  and  several  shades  of  each. 
Prof.  Holmgrens  test  is  to  choose  a  rose  color.  The  candi- 
date will  then  be  asked  to  match  it.  •  If  his  perception  is 
good  he  will  promptly  select  the  rose  wools,  if  he  is  red 
blind  he  will  select  the  light  blue,  or  violets,  if  green  blind, 
the  light  grays  or  drabs.  Rose  being  compounded  of  two 
parts  red  and  one  of  blue,  he  would  therefore  select  a  blue, 
to  match,  as  he  would  think,  a  blue.  The  second  test  would 
be  a  more  pronounced  one.  ^Ve  would  then  give  him  a 
scarlet.  To  this  a  red  blind  would  match  a  dark  brown,  or 
a  dark  green.  A  green  blind,  would  match  a  light  brown 
and  a  light  green.  Dr.  B.  Joy  Jeffries,  of  Boston,  was  a 
pioneer  investigator  in  this  country.  It  has  been  suggested 
that  this  sense  should  be  developed  by  training  or  practice. 
This  is  simply  impossible.  Color-blindness  may  be  the 
result  of  disease,  brain  disturbance,  or  congenital.  One  of 
the  most  brilliant  teachers  of  Moorsfield  Eye  Hospital, 
London,  recently  went  blind  from  an  affection  of  the  optic 
nerve.  The  first  symptom  of  failing  vision  was  his  loss  of 
color  perception. 

It  is  not  infrequent    to    find  individuals    who    work  on 
colored  goods,  to  find  certain  colors  more  fatiguing  to  their 
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eyes  than  others.  Physicians  now  recognize  a  disease 
known  as  "weavers'  disease."  The  red  colors,  which  have 
the  longest  wave  length,  exhaust  the  eye  first,  the  green 
follows  second  in  order,  while  the  blue  is  soothing.  All  are 
familiar  with  the  phenomena  produced  by  gazing  steadily 
at  a  red  disk  or  red  letters,  under  bright  illumination.  Sud- 
denly turning  our  eyes  against  a  white  background,  we 
will  soon  recognize  the  same  spot  or  the  letters  in  the  same 
color,  which  will,  in  a  very  short  time,  be  replaced  by  the 
complementary  color,  green.  This  is  due  to  retinal  exhaus- 
tion, which  for  the  time  is  unable  to  perceive  the  red  ele- 
ment, but  sees  onlv  the  bluish-green  produced  by  the  admix- 
ture of  the  still  visible  green  and  violet. 

Color  in  medicine  mav  some  day  play  a  role.  Psycho- 
physics  is  a  subject  which  the  Germans  are  now  discussing. 
Dr.  Brodham,  who  has  recently  been  making  experiments 
for  the  purpose  of  testing  the  fundamental  law  of  psycho- 
physics  in  connection  with  the  sense  of  sight,  says :  "  If  it 
can  become  known  certainly,  that  the  perception  of  color  has 
a  distinct  and  important  influence  upon  the  arrangement 
and  interaction  of  the  brain  cells  upon  each  other,  we  shall 
be  able  to  drop  the  use  of  drugs  to  a  great  extent,  and 
get  our  curing  as  we  get  our  ailments,  largely  through  the 
eye."  This  quotation  has  more  pith  in  it  than  we  should  at 
first  surmise.  Recently  I  had  an  individual  tell  me  that  the 
color  yellow  would  produce  a  nausea,  and  even  an  exceed- 
ingly bright  day  would  bring  about  the  same  affection.  A 
pair  of  Arundel-tinted  glasses  gave  relief. 

Do  the  blind  enjoy  the  sense  of  sight  in  their  dreams? 
This  subject  has  lately  been  under  discussion,  and  Professor 
Jastrow,  who  has  personally  examined  200  cases,  has 
gathered  some  very  interesting  data.  Of  fifty-eight  cases, 
which  he  quotes  specially,  thirty-two  became  blind  before 
completing  their  fifth  year,  and  not  one  of  these  thirty-two  see 
in  their  dreams.  Six  became  blind  between  their  fifth  and 
seventh  years.  Of  these  four  have  dreams  of  seeing,  but 
two  of  them  seldom,  and  with  some  vagueness,  while  two 
never  dream  of  seeing  at  all.  Of  twenty  persons  who  became 
blind  after  their  seventh  vear,  all   have   dream  vision.     Dr. 
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Jastrow  remarks  that,  "the  period  of  dream  vision  is  from 
the  fifth  to  the  seventh  year.  If  blindness  occurs  between 
the  fifth  and  seventh  years  the  preservation  of  the  visualiz- 
ing power  depends  on  the  degree  of  development  of  the 
individual.  If  the  faculty  is  retained,  it  is  neither  stable  nor 
pronounced.  If  sight  is  lost  after  the  seventh  year,  the 
sight  centre  can,  in  spite  of  the  loss,  maintain  its  functions, 
and  the  dreams  of  such  individuals  are  hardly  distinguish- 
able from  those  of  a  seeing  person."  Dr.  Jastrow  brings 
out  the  very  interesting  fact  that  the  chief  sense  with  the 
totally  blind  is  hearing,  and  not  the  sense  of  touch.  Dr. 
Hermann,  -'n  1858,  wrote  a  very  interesting  article  on  this 
subject.  I  quote  from  Dr.  Jastrow's  paper:  "Dr.  Hermann 
records  tr.e  answers  of  fourteen  totally  blind  persons  who 
lost  their  sight  previous  to  their  fifth  year,  and  none  of  them 
had  dream  vision.  Of  four  who  lost  their  sight  between  the 
fifth  and  seventh  year,  one  had  dream  vision,  one  has  it  dim 
and  rare,  and  two  do  not  definitely  know.  Of  thirty-five, 
who  became  blind  after  their  seventh  year,  all  have  dream 
vision.  Dr.  Hermann  includes  in  his  list  many  aged  per- 
sons, and  from  their  answers  is  able  to  conclude  that, 
generally  speaking,  those  who  become  blind  in  mature  life 
retain  the  power  of  vision  longer  than  those  who  become 
blind  nearer  the  critical  age  of  five  to  seven  years.  He 
records  twelve  cases  whose  dream  vision  continues  after  a 
blindness  of  fifteen  years,  four  of  from  fifteen  to  twenty 
years,  four  from  twenty  to  twenty-five,  and  one  of  thirty-five 
years.  In  one  case  dream  vision  was  maintained  for  fifty- 
two  years,  and  in  another  fifty-four  years,  but  these  faded 
out." 

I  have  for  more  than  a  vear  past  given  much  attention  to 
this  subject.  Those  who  have  been  blind  from  birth,  or 
early  childhood,  do  not  enjoy  sight  in  their  dreams.  For 
two  reasons,  first,  thev,  like  the  rest  of  humanity,  picture  in 
dreams  what  thev  are  accustomed  to  do  in  their  day  life,  and 
as  they  do  not  depend  upon  sight  in  the  performance  of  their 
daily  duties,  it  does  not  form  any  part  of  their  dreams.  Second, 
it  is  impossible  for  the  blind  to  get  a  correct  definition  of 
sight,  how  then  can  the  imagination  form  a  picture  when  the 
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material  with  which  it  is  to  work  does  not  come  under  its 
sway  ?  The  pictures  formed  by  the  blind  in  their  dreams 
are  as  the  arch  without  the  keystone  ;  the  mass  is  confused, 
and  the  absence  of  sight,  which  is  the  keystone  to  the 
mental  arch,  prevents  the  dream  from  being  complete.  I 
have  talked  with  those  who  have  lost  their  sight  in  later 
life,  and  their  dreams  are  similar  to  those  of  persons  who 
see.  That  is  to  say,  if  an  individual  lost  his  sight  to-day  he 
would  continue  to  see  forms,  but  as  time  rolled  on  the  mental 
picture  would  gradually  grow  fainter  and  fainter,  so  that  one 
who  had  been  blind  for  a  certain  number  of  years  would 
never  again  see  form.  Those  blind  from  infancy  would  in 
their  dreams  depend  upon  the  sense  of  touch  and  hearing, 
as  these  are  the  means  by  which  those  who  have  been 
deprived  of  sight  are  made  acquainted  with  what  goes  on 
about  them.  When  such  individuals  dream,  they  seem  to 
talk  with  those  who  have  a  part  in  their  dream,  and  can 
distinguish  their  voices  as  they  reply  to  questions.  They 
may  fancy  that  they  see  daylight,  but  such  persons  always 
experience  a  greater  sense  of  loneliness  than  is  actually  felt 
by  the  blind,  when  compelled  to  rely  on  their  own  responsi- 
bility at  such  times.  A  blind  person  once  told  me  that  she 
dreamed  of  a  human  face.  It  seemed  as  if  she  wanted  to 
become  acquainted  with  its  shape.  She  placed  her  hand 
over  it,  and  found  its  shape  to  be  what  is  termed  oval.  The 
expression  was  absent,  but  to  this  blind  person  the  face 
seemed  to  lack  nothing,  for  how  would  it  be  possible  to 
miss  that  which  she  had  never  seen?  One  cannot  picture 
the  beautiful  city  of  Paris  as  it  really  is  without  visiting  it, 
and  can  the  blind  picture  that  which  description  fails  to 
make  clear? 

In  some  instances,  color  may  be  distinguished  by  persons 
who  have  but  slight  perception  of  light.  In  one  individual 
who  was  thus  affected,  the  two  most  prominent  colors  were 
red  and  blue;  pink  and  yellow  were  seen  but  very  indis- 
tinctly, the  reason  being  that  she  had  difficulty  in  distin- 
guishing them  at  all  times,  while,  on  the  contrary,  red  and 
blue  are  more  readily  distinguished.  Colors  seldom  appeared 
in  her  dreams,  and,  when  they  did,  had  a  faded  look.     Light 
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is  invariably  seen  in  this  patient's  dreams.  It  is  clear  and 
silver}'.  Prof.  Helmholtz  recently  called  attention  to  the 
sensation  of  light  which  we  have  all  noticed  in  the  dark, 
and  when  the  retina  is  at  rest.  This  sensation  he  calls 
"Eigenlicht,"  a  name  which  brings  us  back  to  the  curious 
belief  of  the  Greeks,  and  which  is  said  to  have  been  shared 
in  by  Descartes,  that  the  eye  has  a  light  of  its  own  which  it 
sheds  on  the  outer  world. 

Another  person  writes  me:  "Ocular  vision,  to  a  person 
blind  from  the  time  his  memory  begins,  is  a  far  greater 
stranger  than  is  a  view  of  heaven  to  the  sighted  person. 
The  sighted  person  is  able  to  form  some  idea  of  heaven  by 
seeing  some  beautiful  garden  and  letting  his  heated  imagi- 
nation play  among  the  beauties  and  charms  there.  What 
has  the  person  always  blind  to  build  upon  in  order  to  form 
an  idea  bearing  even  the  slightest  resemblance  to  ocular 
vision  ?  When  we  take  sufficient  pains,  we  are  able  to  trace 
in  our  dreams  the  cause  to  which  each  particular  feature 
owes  its  origin.  The  causes  are  clear  or  dim,  or  almost 
unrecognizable,  just  according  to  the  force  of  the  impression 
upon  the  mind  during  wakefulness.  Hence,  a  dream  is  an 
after-view  of  what  we  experience.  How,  then,  is  it  possible 
for  a  person  always  blind  to.  dream  of  seeing?"  Several 
such  persons,  in  answer  to  my  questions,  have  declared  that 
they  have  seen  in  their  dreams.  However,  they  failed  to 
draw  distinct  features  of  it.  Their  picture  was  no  picture 
— a  mass  void  of  shape  and  color.  They  threw  the  marble, 
stone  and  other  materials  in  a  heap,  and  said:  "There's  the 
mansion."  I  am  led  to  believe  that  their  answer  was 
prompted  by  a  certain  unaccountable  false  shame  of  theirs 
in  confessing  their  inabilitv  to  see  in  their  dreams.  Several 
persons  blind  from  birth,  not  merelv  intelligent,  but  intel- 
lectual ones,  have  told  me  that  they  could  see  in  their 
dreams. 

In  reference  to  those  who  have  seen,  a  young  man  writes 
me,  "  I  lost  my  sight  at  the  age  of  fifteen.  In  some  of  m}- 
dreams  I  see  just  as  I  had  seen  in  my  former  life,  partake  of 
the  same  pleasures,  such  as  reading,  skating,  base  ball, 
swimming,  etc. ;   and  in  other  dreams  I  see  everything,  but 
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am  almost  helpless.  In  travelling  the  streets  for  instance,  I 
use  my  cane  instead  of  my  eyes,  and  on  reading  I  must  hold 
my  book  close  to  my  eyes,  and,  as  it  were,  strain  my  sight, 
and  often  the  print  seems  blurred.  I  often  remember  what 
I  have  read.  (I  have  also  composed  a  stanza  of  poetry  in 
my  dreams,  and  recited  it  after  waking.)" 

Another,  who  has  been  totalh'  blind,  not  even  having 
light  perception,  writes  as  follows  :  "  Many  persons  are  of 
the  opinion  that  the  blind  can,  and  do  see  in  their  dreams. 
That  during  slumber,  their  eyes  as  it  were  are  opened  and 
they  perceive  the  rays  of  light  and  objects  at  a  distance, 
which  are  veiled  from  them  during  their  waking  hours. 
This  erroneous  idea  is  due  partly  to  a  want  of  proper  con- 
sideration of  the  subject,  and  partly,  perhaps,  to  the  fact 
that  there  are  some  blind  persons  who  say  that  they  dream 
of  seeing.  It  is  strange  how  many  fallacious  ideas  there 
are  regarding  the  blind."  There  are  some  blind  persons, 
who,  in  order  to  make  themselves  appear  wonderful,  often 
go  beyond  the  bounds  of  truth,  and  their  statements  are 
too  apt  to  be  accepted  as  facts  by  the  sighted,  without  con- 
sidering whether  they  are  true  or  false.  As,  for  instance, 
the  false  notion  that  the  blind  can  tell  color  by  the  sense  of 
smell,  or  a  dollar  bill  by  the  sense  of  touch.  "The  phe- 
nomenon of  dreaming  is  the  same  with  the  blind  as  with  the 
seeing.  It  is  now  generally  believed  that  our  dreams  are  the 
result  of  some  past  association.  I  believe  that  all  of  our 
dreams  may  be  accounted  for  in  this  manner.  Some  of  them 
appear  strange  and  curious,  but  it  is  because  we  can  no 
longer  recall  the  association  or  impression,  but  that 
impression  was  once  made  upon  the  mind.  If  this  is 
so,  how  can  the  person  who  has  never  enjoyed  the 
sense  of  sight  dream  of  seeing?  What  conception  can  a 
man  blind  from  birth  have  of  a  ray  of  light,  of  color,  or  of 
objects  seen  at  a  distance?  He  might  study  the  subject  of 
the  eye  for  a  lifetime  but  his  conception  of  it  would  be 
very  obscure.  He  might  learn  from  physics  how  images  of 
objects  are  formed  upon  the  retina,  but  no  amount  of  studv 
can  tell  him  how  an  image  looked  to  the  eye.  How  is  it 
possible  for  him  to  dream   of   seeing  if  he  had   no  concep- 
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tion  whatever  of  sight  ?     It  is  the  same  as   if  you   were   to 
expect  a  person  deaf  from  infancy  to  dream  of  music." 

Farsightedness,  or  Jiypcrnietropia.  The  length  of  the  eye- 
ball plays  an  important  factor  in  seeing  at  a  distance. 
When  the  eyeball  is  too  short  to  allow  the  rays  of  light  to 
fall  upon  the  retina,  we  have  indistinct  objects  formed  on 
the  back  of  the  eye.  In  hypermetropia  the  muscle  known 
as  the  ciliary  muscle,  compensates  in  a  measure,  by 
allowing  the  lens  to  become  more  convex,  which  renders 
the  distant  object 'more  clear.  In  youth  this  function  is 
very  pronounced.  It  recedes  as  age  advances.  As  we 
approach  middle  life  it  is  lost.  For  this  reason  one  is 
obliged  to  use  glasses  when  the  forty- fifth  milestone  is 
passed.  Frequently  individuals  with  very  good  vision  are 
obliged  to  wear  glasses  at  forty.  When  such  is  the  case 
that  man  or  woman  is  far-sighted.  Race  peculiarities, 
shape  of  the  head  has  much  to  do  with  this  form  of  vision. 
The  Anglo-Saxon  races  and  savage  races  are  far-sighted. 
Helmbold  speaks  of  the  exceedingly  acute  vision  of  the 
Indians  of  South  America.  M}-  own  examinations  among 
Indians  of  our  own  country  confirm  this.  As  long  as  an  indi- 
vidual has  an  out-door  occupation,  this  form  of  vision  plays 
very  little  importance  in  the  life  work  of  the  person.  But 
when  such  a  person  has  an  in-door  occupation,  then  do  a 
multitude  of  troubles  arise.  Among  the  first  to  show  them- 
selves, is  headache.  This  trouble  may  take  on  the  most, 
aggravated  form,  as  nausea,  pain  in  and  about  the  eyes,  a 
tired  and  languid  feeling.  So  well  known  are  these  symp- 
toms that  an  ophthalmic  surgeon  at  once  recognizes  the 
trouble,  even  the  family  physician,  whose  advice  is  fre- 
quently sought,  at  once  advises  the  wearing  of  glasses 
properly  adjusted.  Many  individuals  after  a  visit  to  the 
opera  or  an  art  gallery  will  return  home  with  a  severe 
headache,  and  to  this  form  has  been  affixed  the  name  of 
"sight-seers"  headache.  The  American  who  goes  "  globe- 
trotting" flies  to  Paris,  visits  the  numerous  picture-galleries, 
exhibitions,  etc.,  or,  as  one  tourist  told  me,  visits  forty-two 
cities  in  thirty-two  days,  and  doing  all  the  things  set  down 
in  the  guide  book.     Let  that  man  be  possessed  of  the  least 
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degree  of  hyperopia,  and  he  pays  for  his  enterprise  by 
having  headache  after  headache.  A  pair  of  glasses  would 
have  saved  him  much  misery.  Fatigue  is  also  responsible 
for  an  important  share  in  its  production.  The  ever  changing 
of  the  eye  whose  focus  of  vision  shifts  at  every  turn  requires 
a  double  effort  to  give  clear  vision. 

(  To  be  continued.) 


A  COXTRIBUTIOX  to  METEOROLOGY. 


MR.  ESPY;    DR.  HARE;    TORNADOES;    HAILSTORMS. 


Bv  \V.  P.  Tatham. 


In  the  lecture  delivered  before  the  Frank itx  Institute, 
Nov.  19,  1888,  and  published  in  the  Journal  for  February 
and  March,  1889,  Vol.  CXXVII,  under  the  title  "Some 
American  Contributions  to  Meteorology,"  the  author  char- 
acterizes Mr.  Espy  thus:  "Espy  was  a  theorizer." 

This  is  very  unfair  to  Mr.  Espy,  who,  though  he  had  his 
theories  (as  every  thinking  man  must  have),  was  eminentlv 
an  observer  rather  than  a  theorizer.  Whatever  was  sound 
in  his  theories  was  based  upon  observations. 

I  venture  to  think  that  the  system  of  observations,  sug- 
gested, organized  and  conducted  chiefly  by  Mr.  Espy,  while 
meteorologist  of  the  joint  committee  of  the  American 
Philosophical  Society  and  the  Franklin  Institute,  was 
more  extensive,  both  as  respects  the  time  devoted  to  the 
observations  and  the  area  covered  by  them,  than  any  other 
which  has  been  recorded,  conducted  by  private  effort. 

It  is  not  desired  to  underrate  the  value  of  the  influence 
of  the  two  learned  societies  named,  nor,  of  the  services  of 
the  members  of  their  joint  committee.  All  of  these  con- 
tributed to  the  very  important  published  results  which  led 
to  Espy's  appointment  as  head  of  the  meteorological  bureau 
of  the  War  Department,  and  afterwards  to  the  organization 
of  the  weather  service  of  the  United  States,  upon  the  intro- 
duction of  the  magnetic  telegraph. 
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It  appears,  moreover,  unfortunate  for  the  learned  pro- 
fessor of  Harvard  to  come  to  the  Franklin  Institute 
and  praise  Mr,  Espy  for  his  theories,  wherein  he  was  not 
always  happy,  and  to  dismiss,  with  a  passing  allusion,  his 
pre-eminent  merits  in  observation.  Here  the  memory  of  his 
enthusiasm  and  his  activity  is  still  preserved,  and  here  we 
have  the  original  records  of  his  work. 

Avoiding  the  stormy  discussions  of  fifty  years  ago  upon 
the  nature  and  causes  of  storms  and  tornadoes,  it  will  be 
worth  while  to  consider  the  phenomena  upon  which  the 
controversialists  agreed,  to  wit: 

(i)  A  low  barometer  at  the  middle  of  the  storm,  indicat- 
ing a  low  atmospheric  pressure. 

(2j  A  general  inblowing  of  the  wind  towards  the  middle 
of  the  storm,  often  combined  with  rotary  movement. 

(3)  An  ascending  current  of  air  at  the  middle  of  the 
storm,  often  excessively  violent. 

Which  of  these  three  is  first  in  the  chain  of  causation? 
and  then,  what  is  the  cause  of  this  one? 

The  low  atmospheric  pressure  at  the  middle  of  the  storm 
cannot  be  the  first,  because  it  represents  a  partial  vacuum, 
which  would  draw  the  air  to  it  from  every  direction,  verti- 
callv  as  well  as  horizontally.  It  cannot  cause  an  ascending 
current. 

A  o-eneral  inblowing  of  the  wind  cannot  be  first,  because 
centripetal  winds  would  cause  a  plcniiin  at  the  centre  and 
not  a  low  barometer. 

There  remains  then,  as  the  first  cause  among  the  three, 
the  ascending  current  of  air,  occasioned  by  some  influence 
besides  either  of  the  other  two  phenomena. 

x\n  ascending  current  of  air  would  naturally  cause  a  low 
barometer  beneath  it  and  an  inblowing  of  wind  from 
everv  lateral  direction  to  re-establish  the  equilibriuin.  This 
is,  therefore,  the  first  in  the  chain. 

But  what  is  the  cause  of  this  ascending  current  of  air? 

I  am  not  aware  that  any  of  the  writers  mentioned  in  the 
lecture  attempt  to  account  rationally  for  the  ascending 
current,  except  by  attributing  it  to  the  effect  of  the  heat  of 
the  sun's  rays  acting  upon  a  cloud. 
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These  rays  penetrate  dry  air  without  heating  it  very 
much,  but  they  will  warm  up  and  expand  a  cloud,  which 
then  will  rise,  but  very  slowly. 

If  any  one  from  an  elevation,  in  the  morning,  watch  the 
clouds,  which  have  been  roosting  over  night  in  the  valleys, 
slowly  ascend  to  their  places  during  the  day,  he  will  find 
their  ascentional  motion  so  slow  as  to  be  scarcely  percepti- 
ble, so  weak  is  the  draft  of  "the  chimney  without  walls." 

Dr.  Robert  Hare,  Professor  of  Chemistry  in  the  Uni- 
versity of  Pennsylvania,  offered  an  explanation'-,  which, 
though  apparently  not  accepted  by  the  scientific  world,  is 
still  so  consonant  with  many  unexplained  phenomena  that 
it  would  be  well  to  reconsider  it. 

Referring  the  reader  to  Dr.  Hare's  papers  on  the  subject 
for  a  more  exact  statement  of  his  views,  I  will  briefly  repeat 
the  substance  of  conversations  had  with  him  over  thirty-five 
years  ago.  He  said:  "There  are  two  familiar  experiments 
in  the  lecture  room,  illustrating  two  different  methods  of 
electrical  discharge,  (i)  The  electric  spark,  called  the  dis- 
ruptive discharge,  and,  (2),  the  pith-ball  experiment, 
which  is  one  method  of  the  convective  discharge. 

"These  are  small  illustrations  of  electrical  discharges 
which  both  occur  on  a  grand  scale  in  nature.  Dr.  Franklin 
identified  the  electric  spark  with  the  lightning,  and  that  is 
conceded.  Now  a  convective  discharge  on  a  grand  scale  in 
nature  takes  place  when  atmospheric  air,  mingled  with  the 
vapor  of  water,  under  appropriate  electrical  conditions,  is 
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repelled  from  the  earth  and  projected  upwards  with  great 
violence.  This  is  the  ascending  current  of  air  and  vapor  in 
the  middle  of  the  tornado.  The  air  rushes  in  from  every 
direction  to  restore  the  equilibrium,  and  acquires  a  rotary 
motion.  Here  we  have  an  adequate  cause  for  the  violence 
of  the  tornado,  which  could  never  be  derived  immediately 
from  the  heat  of  the  sun.  No  doubt  the  sun's  heat,  acting 
over  large  areas,  is  the  cause  of  the  trade  winds,  but  directly 
it  could  never  produce  so  local  and  so  violent  a  disturbance 
as  the  tornado." 

No  doubt  an  exact  analogy  between  the  pith-ball  experi- 
ment and  the  alleged  convective  discharge  in  nature  would 
require  us  to  provide  an  upper  plate.  But  convection  dis- 
charges take  place  without  this  in  the  lecture  room. 

Dr.  Hare's  opinions  upon  this  subject  were  authority 
with  me,  but  a  subsequent  observation  of  my  own  convinced 
me  completely  of  the  existence  of  the  convective  discharge 
in  nature  on  a  grand  scale  and  of  its  predominating  influence 
on  meteorology. 

Upon  the  30th  of  April,  1856,  I  was  travelling  in  the 
diligence  from  Florence  to  Bologna,  Italy.  We  had 
descended  from  the  hills  into  the  southern  margin  of  the 
great  plain  of  Lombardy,  and  at  5  o'clock  in  the  afternoon 
we  were  about  two  hours  distant  from  Bologna.  The  day 
had  been  calm  and  serene.  The  sun  was  declined  below 
the  spurs  of  the  i\pennines  to  the  west,  but  his  rays 
illuminated  a  dense  black  cloud  far  to  the  eastward.  The 
base  of  this  cloud,  was  below  the  visible  horizon  and  it 
seemed  to  rest  upon  the  earth.  It  appeared  to  cover  about 
a  mile  of  the  earth's  surface  and  was  two  or  three  times  as 
high  as  broad.  There  was  no  appearance  of  wind  motion 
about  the  cloud,  which  was  an  irregular  oblong  in  apparent 
shape,  resting  on  the  smaller  end.  My  attention  was  first 
attracted  to  the  vivid  lightning,  which  was  incessantly  play- 
ing through  the  cloud. 

While  watching  the  lightning,  I  was  amazed  to  see, 
suddenly,  the  middle  portion  (say  about  one-fourth)  of 
the  side  of  the  cloud  towards  me  projected  vertically  with 
incredible  velocity,  pushing  through  the  whole  cloud  from 
base  to  summit. 
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It  appeared  like  smoke  rushing  from  the  mouth  of  a  can- 
non, of  over  a  thousand  feet  calibre,  fired  vertically. 

The  lightning  ceased  immediately.  The  ascending  cur- 
rent in  the  cloud  continued  for  a  considerable  time,  grad- 
ually diminishing  in  velocity.  The  motion  was  distinctly 
visible,  for  the  moving  part  of  the  cloud  was  shaded  differ- 
ently from  the  rest,  which  showed  no  movement.  This  dif- 
ferent appearance  was  possibly  due  to  dust  or  other  foreign 
matter  entrained  in  the  movement. 

As  soon  as  I  could  recover  myself,  I  estimated  the  time 
occupied  by  a  recognizable  portion  of  the  ascending  column 
in  moving  from  the  base  to  the  summit  of  the  great  cloud, 
and  made  it  three  seconds  by  my  pulse. 

Now  all  these  figures  are  merely  estimates.  Assuming 
them  to  be  correct,  the  upward  motion  of  the  column  had  a 
velocity  of  from  two-thirds  of  a  mile  to  one  mile  per  second. 
The  ascending  column,  as  it  issued  just  above  the  great 
cloud,  seemed  to  have  passed  its  goal  and  lost  its  volume 
and  velocity.  What  was  left  of  it  was  much  lighter  in 
color  and  fleecy  in  appearance.  It  floated  off  lazily  in  frag- 
ments to  the  right  and  left,  and  when  clear  of  the  great 
cloud  it  rapidly  descended  towards  the  earth,  and  then 
moved  towards  the  base  of  the  great  cloud  and  joined  to  it. 
This  indicated  an  outblowing  current  of  air  above,  and 
an  inblowing  below. 

Upon  arrival  at  Bologna,  while  the  baggage  was  being 
examined,  I  stepped  outside  the  gates  to  take  a  last  view  of 
the  scene  of  the  late  storm.  The  great  cloud  was  scattered, 
the  higher  portions  reflecting  the  rays  of  the  sun,  now  set. 
There  was  an  icy-cold  wind  blowing  from  the  direction  of 
the  late  disturbance. 

When  I  arrived  at  the  hotel  I  called  the  landlord,  and 
told  him  I  wanted  to  go  the  next  day  to  a  place  about 
fifteen  miles  southeast  of  Bologna,  where  I  had  observed  an 
electrical  storm  of  a  peculiar  character  about  three  hours, 
before.  He  told  me  that  the  next  day  was  market  day,  that 
he  had  many  customers  living  in  that  direction,  and  that  if 
I  only  wanted  to  know  the  character  of  the  storm  he  could 
probably  get  the  information  from  some  of  them,  and  he 
Whole  No.  Vol.  CXXVIl.— (Third  Series,  Vol.  xcvii.)  29 
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promised  to  make  inquiries.  I  assented  and  waited.  The 
next  day,  after  a  tour  of  sight-seeing,  I  returned  to  the  hotel 
and  asked  my  landlord  if  he  had  made  the  inquiries  he  had 
promised.  He  answered  that  there  was  no  necessity  for 
asking  questions.  All  the  men  who  came  in  from  that 
district  were  full  of  their  accounts  of  the  greatest  hailstorm 
they  ever  saw,  and  could  talk  of  nothing  else. 

I  have  said  that  the  eruption  appeared  at  the  middle  of 
the  western  side  of  the  cloud  presented  to  me.  Had  it 
taken  place  within  the  cloud,  I  could  not  have  seen  an}-- 
thing  except  the  slight  disturbance  over  the  summit,  such 
as  has  been  observed  before,  and  attributed  to  a  violent 
ascending  current.  The  rays  of  the  sun  must  have 
warmed  the  western  face  of  the  cloud  and  caused  some  cir- 
culation, but  this  would  appear  to  have  had  only  a  similar 
relation  to  the  great  uprising,  as  the  burning  of  the  fuse  of 
a  cannon  has  to  the  subsequent  explosion. 

The  rationale  of  this  hailstorm  seems  to  be  very  simple. 
The  vapor  projected  upwards  to  above  the  snow  line,  con- 
densed and  froze  to  small  hailstones,  which  would  be 
impelled  to  fall  by  gravity,  but  could  not  fall  against  the 
current.  They  were  kept  dancing  upon  the  vertical  blast, 
growing  larger  all  the  time,  until  some  of  them  would  be 
jostled  overboard,  or,  until  the  cessation  of  the  blast  per- 
mitted them  to  fall  en  masse. 

But  why  did  not  the  summit  of  the  great  cloud  (assumed 
to  be  above  the  snow  line)  condense  before  the  great 
upblast  from  the  lower  part?  Perhaps  portions  of  it  did, 
for  the  lightning  was  brilliant  and  frequent. 

The  experiments  of  Dufour*  may  throw  light  upon  the 
subject. 

*  Bibliographie  Universelle,  1861.     Annates  de  Chim.  et  de  Phys.,  in,  OH, 

PP-  370-393- 

Dufour  says,  with  philosophical  caution:  "II  me  parait  hors  de  doute 
que  la  chaleur  seule,  agissant  sur  ce  corps  sans  le  concours  d'actions  mole- 
culaires  etrangeres,  ne  peut  pas  produire  son  changement  d'etat  que  bien  au 
dcssus  de  la  temperature  envisagee  comme  celle  de  I'ebullition  normale." 

And  also  : 

"  Les  retards  d'ebullition  sont  manifestment  du  meme  genre  que  les 
retards  de  solidification." 
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In  the  experiment  upon  the  feezing  of  water  floating  in 
a  suitable  bath  of  oil,  which  was  gradually  cooled,  he  found 
that  the  larger  globules  were  generally  the  first  to  freeze, 
the  smaller  ones  remained  fluid  longer,  and  some  of  them 
of  one  millimetre  diameter  survived  in  a  liquid  state  until 
the  temperature  of  the  bath  was  reduced  to  • — 20^  C.  A 
larger  globule,  frozen  at  — 1°  to  — 2"^,  being  pushed 
against  a  globule  of  water,  the  water  would  flow  around 
and  envelop  the  frozen  globule  and  freeze  over  it,  and  this 
could  be  repeated  over  and  over  again,  thus  imitating  arti- 
ficially the  concentric  layers  of  a  hailstone. 

Operating  in  the  same  way  upon  water  within  a  bath  of 
oil,  which  wafe  gradually  heated  up,  he  found,  as  a  rule,  that 
the  larger  globules  first  becanie  steam,  while  the  smaller 
remained  as  water,  and  some  globules  of  from  one  to  three 
millimetres  diameter,  remained  liquid  until  the  bath  was 
heated  to  175°  to  178"^  C.  under  atmospheric  pressure. 
vSteam  at  this  temperature  has  an  elastic  force  of  eight  or 
nine  atmospheres. 

A  light  galvanic  current  passed  through  a  globule  always 
and  immediately  caused  it  to  become  vapor. 

The  conditions  under  which  Dufour  obtained  his  extreme 
results  were :  (i)  Very  small  globules  of  water;  {2)  quiet; 
(3)  absence  of  contact  with  solid  bodies,  and  (4)  electrical 
insulation.  All  of  these  conditions  probably  existed  at  the 
summit  of  the  cloud,  the  size  of  the  globules  of  water  in  the 
cloud  being  very  much  less.  It  is,  therefore,  reasonable  to 
suppose  that  condensation  and  freezing  there  could  not 
have  taken  place  even  at  an  extremely  low  temperature. 
Dufour  reports  no  experiments  upon  cloud,  but  the  mutual 
repulsion  among  the  particles  of  a  highly  electrified  cloud 
would  alone  probably  delay  aggregation. 

The  violent  projection  of  the  lower  part  of  the  cloud, 
charged  with  the  electricity  of  the  earth  and  conveying 
solid  matter  to  the  cold  regions  above,  would  destroy  all  th'e 
conditions  of  delay  and  occasion  immediate  condensation 
and  freezing. 

It  would  appear  from  the  foregoing  considerations  that  the 
difficulties  which  Pouillet  has  presented  in  understanding 
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hailstorms  have  disappeared  in  this  case.*  He  savs:  "To 
explain  hail,  there  are  only  two  difficulties,  but  they  are 
very  great,  and  we  can  say  in  advance  that  they  remain 
above  all  the  efforts  which  have  been  made  to  resolve  them. 

"  In  the  first  place,  the  thing  is  to  know  how  the  cold  is 
produced  which  freezes  the  water,  and  then,  how  is  it  that 
a  hailstone  which  has  acquired  size  enough  to  fall  by  its 
own  weight  rests  still  suspended  in  the  air  during  all  the 
time  which  is  necessar}-  for  it  to  arrive  at  a  volume  of  from 
twentv  to  thirty  centimetres  of  circumference  (eight  to 
twelve  inches)." 

I  am  not  aware  that  any  account  of  an  ascending  current 
of  such  velocity  and  violence  as  that  described,  has  ever 
been  published.  Generally  the  existence  and  character  of 
such  currents  have  been  proved  only  by  their  disastrous 
results.  Such  proofs,  however,  are  innumerable  and  over- 
whelming. The  ninth  edition  of  the  Encyclopcedia  Britan- 
nica  contains,  for  instance,  a  description  of  a  storm  at 
Mt.  Carmel,  111.,  June  4,  1877,  by  which  the  Methodist 
Church  steeple,  with  its  ball  and  vane,  was  carried  off  bodily 
through  the  air  fifteen  miles  to  the  northeast.  The  ascen- 
sional force  exhibited  in  this  and  many  other  instances 
must  have  required  an  incredible  vertical  velocity  of  wind. 

Let  us  suppose  a  great  cloud  (which  is  no  better  con- 
ductor of  electricity  then  dr\'  air)  highly  charged  with,  say, 
positive  electricity,  to  be  floating  in  an  atmosphere  similarly 
electrified  and  resting  over  a  portion  of  the  earth's  surface 
largeh"  charged  with  negative  electricity  by  induction. 
The  cloud  would  be  attracted  until  it  touched  the  surface 
of  the  earth,  already  warmed  by  the  sun.  The  particles  of 
cloud  in  contact,  after  acquiring  a  negative  charge,  would  be 
repelled  from  the  earth  to  the  lower  surface  of  the  positive 
cloud,  where  they  would  join  to  and  neutralize  a  similar 
quantity  of  cloud  and  both  be  repelled  to  and  from  the 
cloud  and  the  earth  alternately,  increasing  in  volume  and 
range  until  the  character  of  the  convection  should  change 

*  Pouillet.  Elements  de  Physique  et  de  Meteorologie.  De  la  gri'le,  etc., 
liv,  viii. 
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to  a  dark  glow  of  immense  proportions  accompanied  by  a 
violent  wind,  terminating  as  seen. 

If  these  violent  vertical  currents  are  not  occasioned  by 
convectional  discharges  of  electricity,  as  Dr.  Hare  supposed 
them  to  be,  what  are  the  causes  of  them?  Their  existence 
is  certain,  and  indeed  it  is  probable,  that  they  frequently 
occur,  not  with  violence  and  destruction,  but  with  gentle 
action  and  beneficent  effects  upon  the  temperature  of  the 
lower  atmosphere.  We  shall  have  to  classify  them  and 
give  them  Greek  names  and  call  it  "Science,"  according  to 
the  rule  of  the  old  peripatetic  :  "  Qiiilfaiit  bien  citer  ce  qiion 
nc  comprend  point  dc  tout  dans  la  langiic  qii'on  entends  Ic  nioins!' 


The  UIFFR action  of  SOUND. 


By  W.  Le  Conte  Stevens. 


[Ads/ract  of  a  Lecture  delivered  before  the  Franklin  Institute,  February 

18,  iSSg.'] 

The  conception  that  sound  is  due  to  wave  motion  in  an 
elastic  material  medium  seems  to  have  been  entertained 
before  the  beginning  of  the  seventeenth  centurv^  by  Lord 
Bacon.  To  Sir  Isaac  Newton,  however,  is  due  the  credit  of 
formulating  it  distinctly,  and  establishing  it  firmly  on  a 
mathematical  basis.  The  application  of  the  same  theory  to 
light  was  most  natural,  but  Newton's  clear  understanding 
of  certain  necessary  consequences,  which,  to  his  mind,  did 
not  seem  to  be  realized  in  the  case  of  light,  caused  him  to 
reject  the  wave  theory  and  to  substitute  for  it  his  well- 
known  emission  theory,  which  for  more  than  a  century  held 
undisputed  sway.  The  phenomena  of  diffraction,  which 
constituted  Newton's  stumbling-block,  became  afterward 
the  strongest  evidence  in  favor  of  the  wave  theory  of  light 
as  developed  by  Young  and  Fresnel.  The  elementary 
experiments  had  been  repeated  by  Grimaldi,  Hooke,  Huy- 
gens  and  Newton,  but  the  true  explanation  of  them  did  not 
occur  to  a  single  one  of  these  acute  observers.     Waves  of 
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light  were  not  too  short  for  Xewton  to  measure,  but  instead 
of  regarding  them  as  waves,  he  measured  what  he  took  to 
be  the  intervals  between  "  fits  "  of  reflection  and  of  trans- 
mission. 

If  we  admit  the  fundamental  principles  of  the  wave 
theory  as  developed  by  Huygens,  it  follows  as  a  necessary 
consequence  that  diffraction  must  occur  at  the  edges  of  any 
obstacle  interposed  in  the  path  of  a  wave  front,  or  at  the 
edges  of  one  or  more  openings  through  which  the  waves 
are  propagated.  With  a  view  to  application,  it  may  be 
advisable  to  give  briefly  the  deduction  of  the  formula  for 
interference  by  waves  diffracted  at  the  edges  of  small 
openings. 


I 


Fig.  I. 


Let  A  and  B  be  edges  of  a  pair  of  contiguous  minute 
openings  through  which  waves  are  propagated  in  the  same 
phase;  thev  become  centres  therefore  of  new  systems  of. 
secondarv  waves.  Let  AM  and  BM  be  the  sides  of  an 
isosceles  triangle  with  AB  as  base.  Then  M  is  a  point 
where  like  phases  meet,  a  point  of  maximum  motion:  of 
brightness  if  the  waves  be  those  of  light,  of  noise  if  they 
be  those  of  sound.  Through  J/  let  a  plane  be  passed  per- 
pendicularly across  the  original  direction  of  propagation, 
and  let  P  be  any  point  of  it.  For  brevity  the  distance  from 
id  or  ^  to  this  plane  may  be  called  d;  from  A  to  P,  d',  from 
B  to  P,  d";  from  A  to  B,  c;  from  M  to  P,  x,  and  the  wave 
length,  /.'  Then,  if  d'  —  d"  =  /.,  or  d'  —  d"  =  iu,  n  being 
any  integer,  P  is  a  point  where  like  phases  meet,  and  there- 
fore a  point  of  motion.  If  d'  —  d"  =  ^  /,  or  d'  —  d"  =  ^  n?., 
P  is  a  point  where  opposite  phases  meet,  and  therefore  one 
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of  quiescence.     To  find  the  distance,  .t,  between  two  succes- 
sive points  of  maximum  motion,  we  have 

d'-    =  (P  +  (x  4-  i  cf 

d"^  =  dr  +  {x  —  ^  cf 
Extracting  the  square  root  and  discarding-  powers  of  c, 
since  this  is  small  in  comparison  with  d,  as  is  x  also,  we 
have,  approximately, 


d'  =  d-^  (^_±AA 
2  d 


1  rY 


whence, 

but 
hence, 


d"  =  d  -\-  ^- i-^ 

2d 


d'  —  d"^^x 
d 

d'  —  d"  =  / 


d    . 
X  =^  —  / 
c 


From  this  well-known  formula  it  is  seen  that  .ra  /.  If  c 
be  the  element  of  a  diffraction  grating  for  light,  and  d  be 
the  distance  from  gfrating  to  screen,  x  is  at  once  determined 
if  /  be  known.  Assuming  a  coarse  transmission  grating  in 
which  c==y-2V(r  inch,  taking  /  for  red  light  =  ^g-i-Q-jj  inch, 
and  d  =  300  inches,  we  have  the  value  of  x  a  little  over  nine 
inches. 

Now  assuming  the  waves  to  be  those  of  sound,  the 
pitch  being  that  of  a  high  soprano  tone,  1,024  vibrations  per 
second,  if  diffraction  could  be  produced  and  measured  from 
such  a  grating,  the  corresponding  value  of  x  would  be  not 
far  from  eighty  miles.  Increasing  the  element  of  the  grat- 
ing to  an  inch,  x  is  reduced  to  about  10  drayos.  It  is 
obvious,  therefore,  that  the  diffraction  of  sound  waves  is, 
under  ordinary  conditions,  so  great  as  to  defeat  all  efforts 
directed  toward  its  actual  measurement  or  even  qualitative 
demonstration.  Sound  shadows,  instead  of  being  nearly 
geometric  like  those  of  light,  are  usually  too  ill-defined  to 
be  traceable  at  all,  if  the  propagation  is  through  air. 
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In  1826,  Colladon's  classic  experiments  were  made  in  the 
Lake  of  Geneva  for  the  determination  of  the  velocity  of 
sound  in  water.  Incidentally  he  noticed  quite  well-defined 
sound  shadows  behind  the  edge  of  a  stone  wall  projecting 
into  the  lake.  A  peculiar  phenomenon,  which  was  observed 
but  not  explained  by  him,  was  that  the  sound  of  the  distant 
bell  reached  the  membrane  of  the  submerged  hearing 
trumpet  as  a  sharp  click,  without  definite  musical  character. 
This  was  due  to  the  quick  and  violent  initial  stroke  of  the 
hammer  upon  the  bell,  while  the  energy  of  the  slower 
vibrations,  due  to  the  bell's  elasticity,  was  absorbed  by  the 
aqueous  medium. 

In  1874,  much  more  remarkable  experiments  on  the  pro- 
duction of  sound  shadows  in  water  were  made  in  the  Bay  of 
San  Francisco,  by  Prof,  John  Le  Conte  and  his  son,  Mr. 
Julian  Le  Conte.  In  the  process  of  deepening  the  harbor, 
dynamite  was  used  for  the  purpose  of  blasting  away  a  sub- 
merged reef  of  sandstone.  Glass  bottles  hung  in  the  water 
w^ere  shattered  by  the  impulse  propagated  through  the 
elastic  medium  from  a  distance  of  forty  feet,  but  perfectly 
protected  if  placed  within  the  geometric  shadow  of  a  pile. 
When  the  cartridge  was  aligned  with  two  piles  twelve  feet 
apart,  forty  feet  from  the  nearer  one,  the  well-defined 
shadow  of  the  first  pile  covered  the  second  one,  so  that 
bottles  placed  anywhere  between  the  two  were  protected. 
Thick  glass  tubes,  placed  across  the  shadow,  were  shattered 
in  all  parts  exposed  beyond  it,  and  protected  in  the  middle 
parts  that  were  within  it. 

To  account  for  the  comparative  absence  of  diffractive 
effects  in  these  experiments  it  is  necessary  to  assume  that 
the  waves  were  exceedingly  short.  It  was  pointed  out  by 
Dr.  Le  Conte  that  a  sufficient  cause  for  this  is  found  in  the 
instantaneous  character  of  the  dynamite  explosion.  The 
wave  length  is  equal  to  the  product  of  the  velocity  of 
propagation  and  the  time  consumed  in  generating  the  wave. 
This  form  of  statement  is  only  a  modification  of  the  familiar 
formula, 

n 
since  the   time  of  a  single  vibration   and   the  number  of 
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vibrations  per  second  bear  a  reciprocal  relation.  The 
quickness  of  action  manifested  in  the  explosion  of  dynamite 
is  such  that  the  duration  of  the  generating  impulse  is  almost 
infinitesimal.  Assuming  it  to  be  a  millionth  of  a  second, 
and  taking  v  =  4,700  feet  for  water,  the  resulting  wave 
length  would  be  only  about  one-seventeenth  of  an  inch. 

In  1880,  the  explosion  of  a  dynamite  factory  near  the 
University  of  California  resulted  in  the  production  of  two 
sounds  at  a  distance,  one  conducted  by  the  ground,  the 
other  by  the  air.  The  university  building  cast  an  acoustic 
shadow,  at  least  three  hundred  yards  long,  within  which  the 
aerial  impulse  was  imperceptible.  The  velocity  of  sound  in 
air  being  less  than  a  fourth  of  that  in  water,  the  wave  length 
under  similar  conditions  must  be  correspondingly  short. 

Prior  to  the  dynamite  explosion  just  mentioned,  Lord 
Rayleigh,  in  England,  had  achieved  some  remarkable 
results  in  diffraction  of  sound,  without  resorting  to  so 
dangerous  a  source  as  an  explosive.  A  whistle  of  very  high 
pitch  was  employed  as  a  producer  of  sound.  The  difficulty 
in  using  it  consists  in  the  fact  that  when  the  intensity  is 
very  slight  a  high  pitch  becomes  inaudible.  Something 
else  than  the  human  ear  has  to  be  used,  therefore,  as  an 
appreciator  or  indicator.  Dr.  Le  Cont®  discovered  in  1857 
that,  under  appropriate  conditions,  a  common  gas  flame  is 
delicately  sensitive  to  sound.  In  the  hands  of  Barrett  and 
Tyndall  the  sensitive  flame  was  improved;  and  Lord  Ray- 
leigh has  employed  it  in  exploring  the  regions  of  the  air, 
where,  according  to  theory,  sound  shadows  ought  to  be  pro- 
duced when  short  waves  are  propagated  from  a  source,  such 
as  the  whistle  just  described.  I  have  repeated  successfully 
all  the  experiments  described  by  Lord  Rayleigh,  many  of 
which  have  been  but  recently  devised,  and  I  have  used  the 
sensitive  flame  in  establishing  still  further  analogies 
between  light  and  sound. 

The  value  of  a  good  sensitive  flame  may  be  illustrated 
in  a  variety  of  ways.  In  producing  it  the  cylindrical 
steatite  burner  is  best  fitted  into  the  end  of  a  metal  pipe, 
which  is  connected  by  rubber  tubing  with  a  cylinder  of 
compressed  coal  gas.     From  this  the  supply  of  gas  is  care- 
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fully  regulated  with  the  aid  of  a  water  manometer  gauge.  A 
good  burner  gives  a  tall  quiet  flame,  twenty  inches  or  more 
in  height,  which  does  not  begin  to  flare  until  the  pressure 
is  in  the  neighborhood  of  ten  inches  of  water.  When  just 
ready  to  flare,  but  still  quiescent,  such  a  flame  indicates 
very  beautifully  the  ticking  of  a  watch  held  near  it,  every 
tick  producing  a  momentary  disturbance  of  the  flame  which 
is  visible  across  a  large  audience  room.  It  is,  moreover, 
unequally  sensitive  in  two  directions  at  right  angles  to 
each  other,  as  first  pointed  out  by  Lord  Rayleigh.  If  the 
pressure  be  adjusted  so  that  the  flame  just  flares  when  its 
sensitive  side  is  turned  toward  the  high  pitched  whistle,  it 
will  cease  to  flare  when  turned  round  on  its  own  axis 
through  a  right  angle,  so  that  its  "deaf"  side  is  toward  the 
whistle.  Let  a  mirror  now  be  placed  a  foot  away  on  the 
sensitive  side,  and  equally  inclined  to  flame  and  whistle. 
The  flaring  is  at  once  renewed,  but  ceases  the  moment  the 
angle  of  incidence  is  changed  by  rotating  the  mirror 
slightly  about  a  vertical  axis.  Restoring  the  flame  so  that 
its  sensitive  side  is  again  toward  the  whistle,  if  the  mirror 
is  put  on  the  further  side  squarely  across  the  line  of  direc- 
tion of  the  whistle,  the  flame  is  seen  alternately  to  flare 
and  become  quiesceht  according  to  the  distance  at  which 
the  mirror  is  held.  Reflected  waves  meet  advancing 
waves,  producing  loops  and  nodes.  If  the  mirror  is  at  such 
a  distance  that  the  flame  is  in  a  loop,  it  flares  with  much 
violence;  if  in  a  node,  it  becomes  quiescent.  Lord  Ray- 
leigh made  the  remarkable  observation  that  the  effect  on 
the  ear  is  just  the  reverse.  The  sound  seems  most  intense 
when  the  ear  is  at  a  node  rather  than  a  loop.  A  convenient 
method  is  at  once  suggested  for  measuring  the  pitch  of  the 
whistle,  even  though  the  note  it  yields  may  be  too  faint 
and  too  high  to  be  distinctly  audible.  By  carefully  measur- 
ing the  distance  between  two  successive  positions  of  the 
mirror  which  cause  the  flaine  to  be  in  a  node,  the  half-wave 
length  is  obtained.  The  pitch  thus  becomes  known  from 
the  formula, 

V 

n  =  — 
where  v  is  the  known  velocitv  of  sound,  and  n  is  the  number 
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of  double  vibrations  per  second.     For   these  experiments 
the  whistle  should  yield  from  12,000  to  24,000  as  its  pitch. 

The  most  interesting  application  of  the  sensitive  flame 
is  in  relation  to  the  phenomena  of  sound  shadows  and 
diffraction.  The  whistle  may  be  held  in  a  fixed  position, 
and  supplied  with  a  constant  blast  by  connecting  it  with  a 
cylinder  of  compressed  air,  the  supply  being  regulated  with 
a  water  manometer  gauge.  When  the  sensitiveness  of  the 
flame  is  so  adjusted  that  it  flares  distinctly  though  not  verv- 
violently,  the  interposition  of  the  hand  is  enough  to  restore 
it  to  quiescence  by  protecting  it  with  a  sound  shadow.  A 
circular  disk  of  card-board  may  be  substituted  for  the  hand. 
In  one  position  it  may  serv'e  as  a  protector.  In  another  it 
may  cause  the  flame  to  flare  as  strongly  as  if  no  obstacle 
existed.  This  is  caused  by  the  meeting  of  waves  diffracted 
at  the  edges  of  the  disk  so  as  to  meet  at  a  point  behind  the 
middle  of  this.  The  experiment  was  first  performed  by 
Lord  Rayleigh  about  1878;  it  is  the  acoustic  analogue  of 
the  celebrated  experiment  in  diffraction  of  light,  skeptically 
suggested  by  Poisson  and  performed  by  Arago  immediately 
after  the  French  Academy  had  received  Poisson's  adverse 
criticism  of  Fresnel's  paper  on  diffraction,  written  in  18 19. 

This  principle  is  conveniently  applied  to  the  construction 
of  a  diffraction  grating  for  sound,  such  as  was  first  made  by 
Lord  Rayleigh.  Let  A  {Fig.  2)  be  the  radiant  point,  the 
mouth  of  the  whistle.  Let  B  be  the  sensitive  point,  the 
opening  of  the  steatite  burner  at  the  end  of  the  nozzle. 
Let  a  plane  be  passed  perpendicularly  across  the  line  AB  at 
some  point,  0.  Every  point  in  this  plane  may,  according  to 
Huygens'  principle,  be  regarded  as  a  diffractive  centre  from 
which  secondary  waves  are  sent  forth.  Let  P  be  one  of 
these  points  so  selected  that  the  sum  of  the  distances  AP 
and  PB  shall  exceed  AB  by  a  half  wave  length ;  or  using 
symbolic  notation, 

{a'  +  ¥)  -  (a  +  6)  =  i  ;  (1) 

Then  the  dift'ractive  effect  of  P  is  to  produce  at  B  complete 
interference  with  waves  proceeding  from  A  directly  to  B. 
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In  like  manner  there  exist  other  points,  Q,  R,  etc.,  so  placed 
that 

{a"  +  h")  -{a-^h)  =  \l  (2) 

{a!"  +  h'")  _  (a  +  6)  -=  f  /,  etc.  (3) 

From  this  it  is  seen  that  if  OP^  OQ,  OR,  etc.,  be  taken  as 
radii,  and  circumferences  be  drawn  in  the  transverse  plane, 
we  will  have  a  central  circle  and  concentric  rings  around  it 
so  related  that  for  every  point  in  the  circle  whose  radius  is 
OP  there  is  a  point  in  the  adjacent  ring-  whose  width  is  PQ, 
the  effect  of  which  is  to  produce  complete  interference ;  and 
one  in  the  alternate  ring  whose  width  is  QR,  the  effect  of 
which  is  to  produce  complete  accordance. 


0P=  r^;   OQ  =  r"';   OR  =  r"'\  /  =  wave  length.  

Fig.  2. 

Let  the  radii  OP,  0§,  OR,  etc.,  be  called  r',  r",  r'",  etc. 
Then 

rt'2=  o^  A^r'\.'.a'  =  {c?^  r'2)  ^  (4) 

6'-  =  62-f /%.-.6'  =  (62  +r'2)^  (5) 

Expanding  (4)  and  (5)  by  the  binominal  theorem,  and 
rejecting  all  after  the  second  term,  since  r'  is  small  in  com- 
parison with  a  or  6,  we  have,  approximately. 


b'  =  b  + 


2  6 
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In  like  manner, 

r" 

a"  =:za  -i  o— 
z  a 

r" 
b"  =  b+  —^,  etc. 

Substituting  these  values  of  a'  and  b'  in  equation  ( i),  also 
of  a"  and  b"  in  equation  (2),  etc.,  and  reducing-,  we  have 

a  b 
a  -\-  b 

ab 

2/ 

3/1 


a  +  6 
a  b 


'       —  a  +  b 
Or,  if  n  represent  the  order  of  any  zone  whatever, 

2         "^ 
rJ'  =  — — >  n  A 
°        a  ^  b 

If  the  position  of  the  plane  of  zones  be  midway  between 
A  and  B,  this  formula  becomes 

The  value  of  /  for  any  given  whistle  having  been  deter- 
mined by  the  method  of  stationary  waves  just  described, 
and  that  of  a  being  selected  at  will,  the  successive  values  of 
r  are  found,  and  the  corresponding  circles  drawn  on  card- 
board or  zinc.  Leaving  the  central  circle  intact,  the  first, 
third,  fifth,  etc.,  rings  are  cut  out.  The  diifractive  effects  of 
all  the  remaining  alternate  zones  are  therefore  conjoined, 
and  a  flame  at  B  flares  now  far  more  violently  when  the 
Avhistle  is  sounded  than  if  no  obstacle  had  been  interposed. 
If  the  grating  be  slightly  lifted  so  as  to  throw  the  axial  line 
AB  above  the  nozzle  of  the  burner,  the  flame  becomes 
quiescent.  It  was  previously  in  a  region  of  noise;  it  is  now 
in  a  ring  of  silence  that  surrounds  it.  Lifting  the  grating 
a  little  higher,  the  flame  flares  again  slightly;  it  is  in  a  ring 
of  noise.  This  is  roughly  shown  in  Fig.  j,  which  is  an 
amplification  of  the  left  half  of  Fig.  2.  It  is  seen  that  there 
are  other  points,  C,  D,  etc.,  at  which  sound  rays  from  the 
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diffractive  centres  P,  Q,  R,  etc.,  may  meet,  though  the  con- 
joint effect  may  not  be  so  strong  as  at  B.  The  locus  of  Cis 
obviously  a  circle  around  B  as  centre.  The  relative  intensities 
of  disturbance  are  shown  by  the  black  areas,  as  determined 
by  the  German  physicist,  Lommel.  I  have  at  times  suc- 
ceeded in  tracing  out  four  or  five  of  these  successive  rings 
of  noise  and  silence  by  the  aid  of  the  sensitive  flame. 

When  light  is  transmitted  through  a  pair  of  adjacent 
small  apertures,  diffraction  fringes  are  produced.  Accord- 
ing to  theor}',  as  shown  by  Young  and  Fresnel,'__the  locus  of 


Fig.  3. 

At  I,  3  and  5,  meeting  of  like  phases. 
At  2  and  4,  etc.,  meeting  of  unlike  phases. 

I,  central  area  of  noise;   2  and  4,  first  two  rings  of  silence;    3  and    5, 
first  two  ringfs  of  noise. 


interference  in  space  between  aperture  and  screen  is  a 
hyperbola.  By  ver^^  delicate  micrometric  measurements 
Fresnel  found  the  results  of  experiment  to  justify  the  pre- 
vision of  theory.  I  have  applied  the  sensitive  flame  in 
exploring  for  these  hyperbolas  when  short  sound  waves  were 
transmitted  through  a  pair  of  openings  in  a  screen  of  card- 
board. The  whistle,  whose  pitch  was  about  13,000,  sent 
forth  waves,  therefore,  of  about  ro5  inch  in  length.  It  was 
placed  thirty-four  inches  from  the  screen,  whose  width  was 
two  feet.     Near  the  middle   of  this  were  cut  two  vertical 
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slits,  three  inches  apart  and  one-quarter  inch  wide.  The 
screen  being-  at  risfht  ansfles  to  the  line  of  direction  of  the 
whistle,  and  this  line  passing  midway  between  the  two 
slits,  the  position  required  by  theory  for  the  hyperbolic 
bands  was  determined.  There  was  no  difficulty  in  detect- 
ing the  middle  line  of  maximum  motion  behind  the  screen. 
The  nearest  hyperbolas  on  the  two  sides  of  this  were  then 
found  and  traced  back  about  a  foot.  The  definition  of  these 
was  inferior  to  that  of  the  middle  line,  as  might  naturally 
be  expected.  The  next  pair  of  h^^perbolas  was  also  found, 
but  with  poor  definition. 

Perhaps  the  most  important  experiment  employed  by 
Fresnel  in  the  establishment  of  the  wave  theory  of  light 
was  that  of  producing  interference  bands,  independently  of 
all   diffracting  edges,    by   reflecting   the   light  from  a  pair 


Fig.  4. 

of  mirrors  making  with  each  other  an  angle  of  verv 
nearly  180°.  The  acoustic  analogue  of  this  has  been 
performed  by  Prof.  A.  M.  Mayer  and  myself  together. 
Six  interference  bands  were  detected  by  means  of  the  sensi- 
tive flame.  Their  distance  apart  was  measured,  and  the 
result  was  found  to  accord  very  closely  with  that  demanded 
by  theory.  On  account  of  the  trouble  resulting  from  waves 
proceeding  directly  from  the  source  of  sound,  or  diffracted 
around  the  edges  of  a  screen  interposed  to  cut  them  off, 
this  method  of  experiment  was  abandoned.  A  modification 
of  the  experiment  was  repeatedly  tried  by  me,  and  with  quite 
uniformly  satisfactory  results.  A  single  mirror  was  placed 
horizontally  on  the  table,  so  that  waves  reflected  from  it 
might  interfere  with  those  proceeding  directly  from  whistle 
to  flame.     The  effect  of  the  reflected  waves  was  the  same  as 
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if  they  had  come  from  a  virtual  source,  S'  {Fig.  4),  and  the 
theory  becomes  then  the  same  practically  as  that  given  on 
a  previous  page  for  the  diffraction  grating  for  light.  Know- 
ing /,  AM,  and  SM,  and  the  distances  AB,  AC,  AD,  etc.,  at  B, 
C,  D,  etc.,  there  is  complete  accordance ;  or,  the  distance  of 
the  points  of  complete  interference  may  be  measured  and 
the  results  of  experiment  compared  with  those  of  theor\\ 

In  the  following  table  the  results  of  some  experiments 
are  given.  The  height,  MS,  of  whistle  above  table  is  ten 
inches;  the  distance  AM,  thirty-six  inches;  the  wave  length 
/,  1-05  inch.     Then 

The  successive  measurements  are  of  distances  above  the 
table  at  which  the  flame  became  quiescent.  The  first 
column  is  calculated  from  the  formula ;  the  others  are  the 
records  from  five  sets  of  experiments. 


Theory. 

I. 

II. 

1              III. 

IV. 

V. 

•945 

■9 

i-o 

■9 

10 

I  0 

2835 

2-8 

2-7 

2-7 

2  8 

29 

4' 725 

4-7 

46 

47 

4-9 

4  7 

6615 

67 

6-7 

67 

6-9 

67 

8-505 

8-9 

9-0 

]            88 

9-0 

91 

io'395 

II'O 

11-^ 

1               II'O 

112 

11-3 

12-285 

~ 

13-6 

1 

136 

13-6 

These  results  are  sufficient  to  show  that  the  sensitive 
flame  makes  it  possible  to  exhibit  before  large  audiences 
the  demonstration  of  principles  hitherto  accepted  as  the 
result  of  calculation,  or  verified  only  by  individual  experi- 
ment. If  not  applicable  for  purposes  of  refined  and  exact 
measurement,  it  comes  nearer  to  the  fulfilment  of  these 
conditions  than  any  other  means  that  has  hitherto  been 
applied  for  these  purposes  in  acoustics. 
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[Stated  Meeting,    held  at   the    Institute,   Tuesday,  May   21, 

1889.'] 

Hall  of  the  Franklin  Institute, 
Philadelphia,  May  21,  1889. 
Mr.  H.  Pemberton,  Jr.,  President,  in  the  Chair. 

Members  present :  Mr.  Chas.  Bullock,  Prof.  R.  L.  Chase,  Dr.  W.  C. 
Day,  'Sir.  Lee  K.  Frankel.  Dr.  \Vm.  H.  Greene,  Mr.  Reuben  Haines,  Dr.  L.  B. 
Hail,  Dr.  S.  C.  Hooker.  Mr.  Fred.  E.  Ives.  Dr.  H.  W.  Jayne,  Dr.  H.  F. 
Keller,  Mr.  T.  C.  Palmer,  Mr.  W.  L.  Rowland,  Prof.  S.  P.  Sadtler,  Dr.  E.  F. 
Smith.  Prof.  Henry  Trimble,  Dr.  Wm.  H.  Wahl. 

Dr.  Greene  called  the  attention  of  the  Section  to  the  fact  that  efforts  are 
now  being  made  by  the  American  Association  for  the  Advancement  of 
Science  to  form  a  National  Chemical  Society,  with  headquarters  in  Washing- 
ton, and  which  shall  hold  regular  annual  meetings.  He  further  stated  that 
he  had  been  requested  by  a  member  of  the  American  Association  to  bring 
the  matter  before  the  Chemical  Section  of  the  Institute,  with  the  object  of 
securing  the  nomination  of  delegates  to  represent  the  Section  in  the  matter  at 
a  meeting  to  be  held  at  the  same  time  and  place  with  that  of  the  American 
Association,  to  be  held  during  the  coming  summer. 

After  some  discussion  by  the  President  and  Drs.  Hall,  Wahl  and  Greene, 
on  motion  of  Dr.  Greene,  it  was  voted  that  the  President  appoint  a  committee 
to  investigate  the  matter  more  fully,  and  report  to  the  Section  at  its  next 
meeting.  The  President  appointed  Drs.  Greene,  Hall  and  Wahl  members  of 
this  committer. 

Professor  Sadtler  then  read  a  paper,  "On  the   Presence  of  Paraffine  in 
Crude  Petroleum,"  which  was  referred  for  publication. 
Wholf   No.  Vol.  CXXVII — (Third  Series,  Vol.  xcvii.)  30 
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Mr.  Charles  Bullock  read  a  paper  "  On  the  Preparation  and  Properties  of 
Pure  Metallic  Manganese."  He  also  exhibited  two  specimens  of  metallic 
manganese ;  one  of  them  had  been  obtained  by  reducing  chloride  of  man- 
ganese by  means  of  sodium,  using  fluor  spar  alone  as  the  flux,  and  the  other 
by  usmg  chloride  of  sodium  without  fluor  spar.  The  paper  was  referred  for 
publication. 

Dr.  Keller  followed  with  a  paper  "On  Kobellite  from  Colorado,  and  the 
Chemical  Composition  of  this  Mineral ;"  also,  "An  Analysis  of  Megabasite." 
Some  very  fine  specimens  of  the  minerals  were  exhibited  by  Dr.  Keller.  The 
paper  was  submitted  for  publication. 

Dr.  Hooker  then  read  his  report  "  On  the  Philadelphia  Water  Supply  "  for 
the  past  month.  Aside  from  the  muddiness  of  the  water,  the  report  was 
favorable  to  the  present  condition  of  the  supply.  The  report  was  submitted 
for  publication. 

A  paper  "On  the  Electrolytic  Separation  of  Cadmium  from  Zinc,"  by  Dr. 
Smith  and  Mr.  Frankel,  was  next  read  by  Dr.  Smith.  It  was  submitted  for 
publication. 

Dr.  Smith  also  read  a  paper  entitled,  "  Derivatives  Obtained  from  Mono- 
Chlor-Dinitro-Phenol  and  Bases  of  the  Aromatic  Series.'' 

This  paper  is  preliminary  to  an  investigation  now  going  on.  It  was 
referred  for  publication. 

Dr.  Greene  then  followed  with  recent  results  obtained  by  him  and  Dr. 
Hooker  in  their  investigation  of  lapachic  acid  and  its  derivatives. 

Upon  recommendation  of  the  President  and  motion  of  Mr,  Palmer,  it  was 
voted  that  the  notification  of  members  of  the  meetings  of  the  Section  be 
attended  to,  under  the  direction  of  Dr.  Wahl,  by  one  of  the  clerical  force  of 
the  Institute. 

Adjourned.  Wm.  C.  Day,  Secretary. 
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A    RAPID    COLORIMETRIC    METHOD    of    DETER- 
MINING NITRATES  IN  POTABLE  WATERS.* 


By  Samuel  C.  Hooker,  Ph.D. 


\^Read  at  the  Stated  Meetins[  of  the  CJicmical  Section  of  the  Franklin 
Institute,  March  ig,  iS8g.\ 

In  devising  a  process  for  the  estimation  of  nitrates  in  the 
minute  quantities  in  which  they  occur  in  natural  waters,  I 
have  not  been  ignorant  of  the  fact  that  there  are  already 
several  very  satisfactory  ways  in  which  this  can  be  accu- 
rately done.  I  have,  however,  aimed  at  greater  rapidity 
than  has  heretofore  been  possible. 

Fully  fifteen  years  ago  Graebe  and  Glaser  discovered  car- 
bazol,  and  observed  that  when  dissolved  in  concentrated 
sulphuric  acid  it  gave  rise  to  an  intensely  green  solution  on 
the  addition  of  nitric  acid.  This  reaction,  which  up  to  the 
present  time  has  been  used  only  as  a  means  of  identifying 
carbazol,  forms  the  basis  of  the  process  to  be  described.  Its 
extraordinary  delicacy  renders  it  particularly  suitable  for  the 
purposes  of  water  analysis,  and  enables  a  quantity  of  nitric 
acid,  containing  as  little  as  TTj-.^iro  ^^  ^  milligramme  of  N  to  be 
accurately  determined.  The  reaction  is  not,  however,  pecu- 
liar to  nitric  acid ;  all  oxidizing  agents  behave  similarly. 
Graebe  and  Glaser  enumerate  chlorine,  bromine,  iodine, 
nitrous  and  chromic  acids  as  giving  rise  to  the  same 
intensely  colored  solution.  With  the  exception  of  nitrous 
acid,  the  substances  just  mentioned  are  almost  invariably 
absent  from  natural  waters,  and  may  therefore  be  dismissed 
from  further  consideration.  There  is,  however,  one  other 
oxidizing  agent,  namely  iron  in  the  ferric  condition,  which  is 
sometimes  found  in  very  appreciable  quantities,  and  it 
therefore  became  necessary,  in  studying  the  influence  of 
the  substances  in  solution  upon  the  process,  to  give  special 
attention  to  iron  as  well  as  to  nitrous  acid. 


*  See  preliminary  paper.  Journal  OF  THE  Franklin  Institute,  127i  16.. 
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'  As  the  result  of  a  number  of  careful  experiments,  the 
following  conclusions  were  arrived  at  with  regard  to  the 
application  of  the  process  : 

(i)  No  material  error  will  arise  in  the  presence  of  nitrites 
in  the  quantities  in  which  they  usually  occur, 

(2)  Iron  (in  the  ferrous  or  ferric  condition),  if  present  in 
quantities  greater  than  O"  I  parts  per  100,000,  must  be  removed. 

(3)  Chlorides,  even  when  present  in  very  small  quantities, 
must  be  removed. 

(4)  Carbonate  of  lime,  sulphates  of  lime,  soda,  etc.,  in 
the  quantities  in  which  they  ordinarily  occur,  were  not 
found  to  influence  the  determinations. 

(5)  The  presence  of  easily  destructible  organic  matter, 
such  as  albumen,  lowers  the  result,  not  materially,  however, 
unless  present  in  large  excess. 

The  estimation,  briefly  described,  is  made  as  follows : 

Two  cubic  centimetres  of  the  water  to  be  examined  is 
mixed  with  4  cc.  concentrated  sulphuric  acid  ;  the  mixture  is 
cooled  and  a  small  quantity  of  carbazol,  dissolved  in  sul- 
phuric acid,  added.  If  nitric  acid  be  present,  the  solution  will 
turn  green  on  the  addition  of  the  carbazol,  and  the  intensity 
of  the  color,  by  comparison  with  that  produced  by  solutions 
of  potassic  nitrate  of  known  strength,  will,  within  certain 
limits,  indicate  the  amount  of  the  acid  present. 

The  great  majority  of  waters  can  be  estimated  directly 
without  previous  concentration,  and  only  a  few  will  need 
to  be  diluted.  The  limits  within  which  the  determinations 
may  be  safely  made  are  marked  by  quantities  of  nitric  acid 
representing  "03  and  '40  parts  N  per  100,000.  Water  con- 
taining either  less  or  more  nitric  acid  than  indicated  by 
these  figures  must  be  concentrated  or  diluted. 

To  test  the  accuracy  of  the  process,  a  number  of  solutions 
were  prepared,  at  my  request,  containing  different  quanti- 
ties of  potassic  nitrate.  In  order  that  my  judgment  might 
not  be  influenced  by  a  knowledge  of  the'  amount  of  nitric 
acid  present,  I  was  kept  in  ignorance  of  the  strength  of 
the  solutions  until  after  the  estimations  had  been  com- 
pleted. 
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The  following  are  the  results  obtained : 

NITRIC  ACID  EXPRESSED  AS  N  IN  PARTS  PER    100,000. 

Present.  Found.  Error. 

■127  "130  —  "003 

■078                                                                  "075  —  "003 

■200                                                     •190  —  'OIO 

■302                                                                  '300  —  "002 

■290  '290  "OOO 

Average  error •0036 

NITRIC  ACID  PRESENT  IN  THE  2  CC.  OF  WATER  OPERATED  UPON     EXPRESSED 

IN  DECIMALS   OF  A   GRAMME. 

Present.  Found.  Error. 

■OOOOII43  "00001170  '00000027 

■00000702  '00000675  '00000027 

'OOOO180O  'OOOOI7IO  '00000090 

•00002718  '00002700  00000018 

■00002610                •00002610  'OOOOOOOO 

Average  error '000000324 

The  above  results  are  not  selected,  but  include  all  the 
determinations  that  have  been  made  with  solutions  of 
unknown  strength,  with  the  object  of  testing  the  deli- 
cacy of  the  process.  It  is  to  be  borne  in  mind,  that 
potassic  nitrate  only  was  present.  Considering  the  extremely- 
minute  quantities  operated  upon,  the  accuracy  of  the  above 
results  is  very  noteworthy. 

The  following  reagents  are  required  : 

(i)  Concentrated  sulphuric  acid. 

(2)  An  acetic  acid  solution  of  carbazol. 

(3)  A  sulphuric  acid  solution  of  carbazol. 

(4)  Standard  solutions  of  potassic  nitrate. 

(5)  A  solution  of  aluminic  sulphate. 

(6)  A  standard  solution  of  sulphate  of  silver. 

(i)  The  sulphuric  acid,  used  for  all  purposes  in  the  pro- 
cess, should  be  almost  entirely  free  from  oxides  of  nitroofen. 
It  may  be  readily  tested  by  dissolving  in  it  a  small  quantity 
of  carbazol.  If  the  solution  be  at  first  golden  yellow  or 
brown,  the  acid  is  suiftciently  pure  ;  if  it  be  green  or  green- 
ish, another  and  better  sample  must  be  taken.  It  is  essen- 
tial also  that  the  specific  gravity  of  the  acid  be 'fully  1-84, 


462  Chemical   Section.  [j.  f.  I., 

and  it  is  well  to  ascertain  that  this  is  really  the  case,  as  I 
have  found  several  samples,  obtained  from  sources  which 
are  generally  thought  reliable,  to  fall  considerably  below 
these  figures.  The  acid  was  in  fact  worthless  for  the  pur- 
pose required. 

(2)  The  carbazol  used  was  obtained  from  Kahlbaum,*  of 
Berlin.  The  acetic  acid  solution  is  prepared  by  dissolving 
0-6  gramme  in  about  90  cc.  of  99-100  per  cent,  acetic  acid, 
bv  the  'aid  of  gentle  heat.  It  is  allowed  to  cool  and  is 
then  made  up  to  100  cc.  by  the  further  addition  of  acetic 
acid.  The  exact  strength  of  this  solution  is  of  no  material 
importance  to  the  success  of  the  process,  and  the  above 
proportions  have  been  selected  principally  because  thc}^  are 
convenient.  The  solution  will  probably  remain  unchanged 
almost  indefinitely ;  but  I  cannot  speak  positively  in  this 
respect,  as  ray  actual  experience  extends  only  over  a  period 
of  several  months.  The  use  of  this  solution  merely  facili- 
tates the  preparation  of  that  next  described,  which  will  not 
keep,  and  has  consequently  to  be  freshly  prepared  for  each 
series  of  determinations. 

(3)  The  sulphuric  acid  solution  of  carbazol  is  easily  made 
in  a  few  seconds,  but  it  is  advisable  to  allow  it  to  stand 
from  one  and  one-half  to  two  hours  before  using.  It  is  pre- 
pared by  rapidly  adding  1 5  cc.  of  sulphuric  acid  to  i  cc.  of  the 
above  described  acetic-acid  solution.  This  quantity  usually 
suffices  in  my  hands  for  from  two  to  three  nitrate  esti- 
mations. When  freshly  prepared  it  is  golden  yellow  or 
brown  ;  it  changes  gradually,  however,  and  in  the  course  of 
one  and  one-half  or  two  hours  it  becomes  olive-green.  I  am 
not  able  to  say  positively  to  what  this  change  is  due,  but  it 
seems  probable  that  traces  of  oxidizing  agents  occur  in  the 
sulphuric  and  acetic  acids,  and  that  these,  although  not 
present  in  sufficient  quantity  to  act  immediately,  gradually 
bring  about  the  reaction  described.  The  greenish  color 
does  not  interfere  with  the  process,  as  might  at  first  be 
supposed ;  on  the  contrary",  I  have  observed  that  the  solu- 
tion is  not  sensitive  to  sm.all  quantities  of  nitric  acid  until 

*  Kahlbaum's  carbazol  may  be  obtained  from   James  W.  Queen  &  Co., 
Philadelphia. 
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it  has  undergone  the  change  to  olive-green,  and  it  is  for 
this  reason  that  I  have  advised  that  it  should  be  prepared 
about  two  hours  before  required  for  use.  This  solution 
may  be  thoroughly  depended  on  for  six  hours  after  prepa- 
ration. The  intensities  of  color  produced  by  the  more  con- 
centrated solutions  of  nitrates  after  this  time,  gradually 
approach  to  each  other  and  become  ultimately  the  same. 

(4j  The  standard  solutions  of  potassic  nitrate  are  very 
readily  prepared.  The  solutions  which  are  to  be  compared 
directly  with  the  waters  examined,  may  be  prepared  as 
required,  but  if  many  determinations  are  to  be  made  with 
a  variety  of  waters,  it  will  be  found  best  to  prepare  a  com- 
plete series,  differing  from  each  other  by  "02  parts  N  in 
100,000.  This  series  may  include  solutions  containing 
quantities  of  nitrogen  in  100,000  parts,  represented  by  all 
the  odd  numbers  from  '03  up  to  '39.  It  will  be  found 
convenient  to  prepare  them  in  quantities  of  100  cc.  at  a 
time,  from  a  stock  solution  of  potassic  nitrate  (b),  which 
contains  'ooooi  gramme  N,  or  '000045  HNO3  in  i  cc. 
Each  cubic  centimetre  of  this  solution,  when  diluted  to 
100  cc,  represents  'oi  N  in  100,000,  and  consequently  if 
it  is  desired  to  make  a  solution  containing  '35  parts  N 
in  100,000,  35  cc.  are  taken  and  made  up  to  100  cc,  and 
so  on.  The  solution  of  potassic  nitrate  (b)  is  best  pre- 
pared from  a  stronger  one  (a),  containing  "oooi  gramme  N 
to  the  cubic  centimetre,  or  7214  gramme  KNO3  to  the  litre: 
100  cc.  of  (a)  made  up  to  one  litre,  gives  the  solution  (b). 
It  is  obvious  that  the  series  of  solutions  above  described 
could  be  made  directly  from  (a),  but  by  first  making  (b) 
greater  accuracy  is  secured. 

(5)  For  purposes  which  will  be  presently  described,  a  solu- 
tion of  aluminic  sulphate  is  required,  containing  five  grammes 
to  the  litre.  The  salt  used  must  be  free  from  chlorine  and 
iron ;  and  the  solution  should  give  no  reaction  when  tested, 
as  in  the  case  of  a  water  with  carbazol. 

(6)  The  standard  solution  of  sulphate  of  silver  is  required 
for  the  removal  of  chlorine  from  the  water  to  be  examined. 
It  is  prepared  by  dissolving  4*3943  grammes  of  the  salt  in 
pure  distilled  water  and  making  up  to  one  litre.     The  sul- 


464  Chemical   Section.  [J.  F.  I., 

phate  is  preferably  obtained  by  dissolving  metallic  silver  in 
pure  sulphuric  acid.  The  solution  should  be  tested  with 
carbazol  in  the  same  way  as  will  be  presently  described  for 
water  ;  if  perfectly  pure  no  reaction  will  be  obtained.  As 
sulphate  of  silver  is  often  prepared  by  precipitation  from 
the  nitrate,  it  is  very  apt  to  contain  nitric  acid,  and  conse- 
quently if  the  source  of  the  salt  be  not  known,  this  test 
should  on  no  account  be  omitted. 

Having-  described  the  preparation  of  the  reagents,  the 
method  of  making  the  determinations  may  now  be  con- 
sidered more  in  detail.  Assuming  the  water  to  be  free  from 
all  substances  capable  of  affecting  the  accuracy  of  the 
results,  the  process .  is  carried  out  as  follows  :  Two  cubic 
centimetres  of  the  water  is  carefully  delivered  by  means  of 
a  2  cc.  pipette  into  the  bottom  of  a  test  tube ;  4  cc.  of  sul- 
phuric acid  is  added,  and  the  solution  thoroughly  mixed  by 
the  help  of  a  glass  rod.  The  test  tube  is  then  immersed  in 
cold  water,  and  when  well-cooled  i  cc.  of  the  sulphuric  acid 
solution  of  carbazol  is  added,  and  the  whole  again  mixed  as 
before.  The  intensity  of  the  color  is  now  observed,  and  a 
little  experience  enables  a  fairly  good  opinion  to  be  formed 
of  the  quantity  of  nitric  acid  present.  vSuppose  that  the 
water  is  roughly  estimated  to  contain  about  "15  parts  N  per 
100,000,  solutions  of  potassic  nitrate,  containing  'ii,  "15,  "19 
parts  N,  are  selected  from  the  series.  Two  cubic  ^centimetres 
are  taken  from  each  and  treated  side  by  side  with  a  fresh  quan- 
tity of  the  water,  precisely  as  described  for  the  preliminary 
experiment,  the  various  operations  being  performed  as  nearly 
simultaneously  as  possible  with  each  of  the  samples,  and 
under  precisely  similar  conditions.  Two  or  three  minutes 
after  the  carbazol  has  been  added,  the  intensity  of  the  color 
of  each  is  observed.  If  that  given  by  the  water  is  matched 
by  any  of  the  standard  solutions,  the  estimation  is  at  an  end. 
Similarly,  if  it  falls  between  two  of  these,  the  mean  may 
be  taken  as  representing  the  N  present  in  cases  in  which 
great  accuracy  is  not  required.  If  this  be  done,  the  maximum 
error  will  be  '02  N  or  -09  parts  HNOjper  100,000.  If  greater 
exactness  be  required,  or  it  be  found  that  the  color  given  by 
the  water  is  either  darker  or  lighter  than  that  given  by  all 
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the  standard  solutions,  a  new  trial  must  be  made.  In  such 
a  case  the  water  must  be  again  tested  simultaneously  with 
the  solutions  with  which  it  is  to  be  compared.  This  is 
rendered  principally  necessary  for  the  reason  that  the  shade 
of  the  solutions  to  which  the  carbazol  has  been  added  is  apt 
to  change  on  standing.  Hence,  it  is  desirable  that  the  water, 
and  the  standard  potassic  nitrate  with  which  it  is  to  be  com- 
pared, should  have  the  carbazol  added  at  as  nearly  the  same 
time  as  possible.  When  finally  the  color  falls  between  that 
given  by  any  two  consecutive  members  of  the  standard 
potassic  nitrate  series,  the  estimation  may  be  considered  at 
an  end,  and  the  mean  of  these  solutions  taken  as  representing 
the  N  present.  The  maximum  error  in  this  case  will  be  only 
•01  N  per  100,000  parts,  and  the  mean  error  slightly  more 
than  -005.  This  degree  of  accuracy  is  believed  by  the  author 
to  be  quite  sufficient  for,  if  indeed  it  does  not  exceed  the 
needs  of,  all  ordinary  cases  of  water  analysis  for  sanitary 
purposes,  for  which  the  process  was  specially  devised.  If 
occasionally,  however,  greater  accuracy  is  desirable,  the 
determinations  recorded  in  the  early  portion  of  this  paper 
show  that  the  average  error  can  be  reduced  to  -0036  parts  N 
per  100,000.  In  this  case  the  standard  solutions  employed 
must  differ  from  each  other  by  -qi  parts  N  only.  The  addi- 
tional accuracy  gained,  however,  will  scarcely  repay  for  the 
extra  time  and  labor  required,  and  even  in  this  case,  as  will 
be  seen  by  a  reference  to  the  above  determinations,  the 
error  may  amount  to  -oi  parts  N  per  100,000. 

In  the  course  of  a  great  many  experiments  I  have 
observed,  even  when  the  utmost  care  has  been  taken, 
that  two  solutions,  nominally  containing  the  same  amount 
of  nitric  acid,  occasionally  give  a  very  slight  though  dis- 
tinctly perceptible  difference  in  shade  when  tested  side  by 
side.  Whatever  may  be  their  cause,  such  differences  are 
extremely  slight,  and  if  proper  care  be  taken  do  not  materi- 
ally affect  the  value  of  the  process. 

I  cannot  too  strongly  insist  upon  the  necessity  of 
scrupulous  cleanliness  at  all  stages  of  the  analysis.  The 
quantity  of  water  operated  upon  is  so  small,  that  if  the 
greatest  care  be  not  exercised   throughout,  sources  of  con- 
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siderable  error  may  be  readily  introduced.  The  test  tubes 
used  in  the  process  may  be  conveniently  5x^  inches  in 
size.  It  is  scarcely  necessary  to  add  that  they  should  always 
be  dr}'  when  used,  and  rinsed  out  carefully  with  distilled 
water  when  put  aside. 

In  comparing  the  color  g-iven  by  a  water  with  that  pro- 
duced by  standard  potassic  nitrate,  it  is  necessary  only  to 
examine  the  solutions  through  the  tubes ;  differences  in 
shade,  which  can  only  be  detected  by  looking  through  the 
length  of  the  columns  of  liquid,  may  be  disregarded.  It  is 
well  to  use  the  same  2  cc.  pipette  for  measuring  both  the 
water  and  the  standard  potassic  nitrate ;  the  effect  of  any 
error  in  graduation  is  thus  neutralized. 

I  have  made  experiments  to  ascertain  whether  the 
intensity  of  color  produced  is  strictly  proportional  to  the 
nitric  acid  present,  with  a  view  to  render  the  use  of  a 
colorimeter  possible  and  thus  to  avoid  the  time  and  trouble 
necessary  to  match  the  colors  given  by  the  waters.  The 
result  of  these  experiments,  which  were  made  with  a 
Duboscq  instrument,  show  conclusively  that  the  changes 
already  referred  to  in  both  tint  and  intensity  after  the  addi- 
tion of  the  carbazol,  occur  more  rapidly  with  the  light  than 
with  the  dark  solutions,  and  hence  they  are  not  strictly 
comparable. 

INFLUENCE   OF   NITRITES. 

It  has  been  already  pointed  out  that  nitrous  acid  behaves- 
similarly  to  nitric  acid  in  its  action  on  a  sulphuric  acid 
solution  of  carbazol.  In  order  to  estimate  to  what  extent 
its  influence  would  be  felt  when  present  in  the  water  to  be 
examined  for  nitrates,  several  solutions  of  silver  nitrite 
were  carefully  prepared  and  estimated  precisely  as  if  they 
contained  a  nitrate. 

The  results  obtained  are  given  in  the  following  table : 

RESULTS  EXPRESSED  AS  N  IN   100,000  PAKTS. 


Present  as 

Found. 

Error. 

Corrected  by 

deducting 

one-fi/th  from 

amount  found. 

•10 

•12 

•02 

•096 

•20 

■25 

•05 

•200 

■3^ 

•37 

•07 

•296 
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It  will  be  observed  that  the  error  may  be  very  nearly 
corrected  by  deducting  one-fifth  from  the  amount  found. 
In  the  presence  of  nitrates,  this  correction,  of  course,  will 
only  be  possible  in  cases  in  which  the  quantity  of  the 
nitrous  acid  present  has  been  previously  ascertained.  A 
correction,  however,  would  be  rarely  necessary. 

INFLUENCE   OF   IRON, 

Although  a  solution  of  ferrous  sulphate  gives  no  reac- 
tion with  carbazol,  nitrates  are  apt  to  be  overestimated  in 
the  presence  of  iron  in  the  ferrous  condition.  Ferric  salts, 
however,  acting  like  other  oxidizing  agents,  are  themselves 
able  to  give  the  characteristic  green  color  with  carbazol. 
I  have  made  a  number  of  experiments  with  solutions  of 
potassic  nitrate  in  the  presence  of  both  Fe"  and  Fe'"  in 
varying  amounts,  and  have  ascertained  that  if  iron  be  not 
present  in  quantities  greater  than  ot  parts  per  100,000,  the 
error  will  not  exceed  -oi  parts  in  100,000.  The  condi- 
tion of  a  water  with  regard  to  iron  may  be  ascertained 
sufficiently  accurately  in  a  few  seconds  by  the  help  of 
ammonic  sulphide.  As  this  is  a  test  which  should  always 
be  made  in  the  examination  of  water  for  sanitary  purposes, 
no  extra  trouble  is  involved.  In  a  case  in  which  iron  is  pres- 
ent in  large  quantities,  it  can  be  easily  eliminated  by  render- 
ing the  water  slightly  alkaline,  evaporating  to  dryness,  and 
redissolving  the  soluble  residue  in  the  same  volume  of  pure 
distilled  water,  as  was  taken  of  the  water  under  examination. 

INFLUENCE   OF   CHLORIDES. 

Chlorides  form  by  far  the  most  serious  source  of  error  in 
this  process  by  intensifying  the  action  of  the  nitric  acid. 
If,  however,  nitrates  be  absent,  chlorides  give  no  reaction 
with  carbazol.  Were  it  not  for  the  fact  that  the  chlorine 
can  be  perfectly  removed  in  the  space  of  a  very  few  minutes, 
the  general  usefulness  of  the  method  would  be  much 
restricted.  In  order  to  remove  the  chlorine  I  use  the  stand- 
ard sulphate  of  silver  already  referred  to,  i  cc.  of  which, 
when  consumed  by  100  cc.  of  water,  is  equivalent  to  one 
part  of  CI  in  100,000  parts  of  water.  Having  first  deter- 
mined the  chlorine  present,  by  means  of  a  standard  nitrate 
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of  silv^er  solution  of  equivalent  strength,  the  exact  quantity 
of  sulphate  of  silver  required  is  known.  I  proceed  as  fol- 
lows :  A  flask,  graduated  on  the  neck  at  100  cc.  and  1 10  cc, 
is  filled  up  to  the  100  cc.  mark  with  the  water  to  be  examined. 
The  necessary  quantity  of  sulphate  of  silver  is  next  added 
and  then  2  cc.  of  the  solution  of  aluminic  sulphate  previ- 
ously described  ;  finally,  the  contents  of  the  flask  are  brought 
up  to  the  1 10  cc.  mark  by  the  addition  of  pure  distilled  water. 
The  whole  is  shaken  up  and  filtered ;  the  first  portion  of  the 
filtrate,  which  will  contain  any  foreign  substances  derived 
from  the  filter  paper,  is  thrown  away.  The  aluminic  sulphate, 
by  reacting  with  the  carbonates  usually  present  in  the  water, 
and  thus  giving  rise  to  the  precipitation  of  alumina,  facili- 
tates the  removal  of  the  precipitated  chloride  of  silver, 
which  otherwise,  under  the  conditions  given  above,  is 
extremely  difficult  to  separate  and  may  even  still  pass 
through  the  paper  after  refiltering  many  times.  When  the 
filtrate  is  perfectly  bright,  a  portion  is  tested  to  make  sure 
that  all  the  chlorine  is  removed ;  the  estimation  is  then 
made  precisely  as  already  described,  the  amount  found 
being  increased  by  one-tenth  to  compensate  for  the  dilution 
of  the  100  cc.  of  the  water  taken  to  1 10  cc. 

It  is  obvious  that  such  a  flask,  as  I  have  described,  can- 
not be  used  in  cases  in  which  the  CI  exceeds  eight  parts  per 
100,000,  unless  the  sulphate  of  silver  solution  be  of  greater 
strength  than  that  which  I  have  recommended.  Similar 
methods  will,  however,  readily  suggest  themselves. 


In  a  preliminary  paper*  published  on  this  process,  I 
mentioned  that  probably  diphenylamine,  and  other  com- 
pounds giving  similar  color  reactions  in  the  presence  of  con- 
centrated sulphuric  acid,  might  be  used  instead  of  carbazol 
for  the  quantitative  estimation  of  nitrates  in  water.  Shortly 
after  this  paper  appeared,  L.  Spiegelf  called  attention  to  a 
process  worked  up  by  him,  in  which  diphenylamine  was 
actually  used  for  this  purpose.     This  is  briefly  described  in 

*  Ber.,  21,  3.302;  this  Journal,  127,  61. 
\  Ber.,  21,  3,568. 
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the  Zeitschrift  fur  Hygiene,  1887,  2,  189,  and  was  quite 
unknown  to  me.  Although  differing  in  detail  from  that 
which  I  have  devised,  the  principle  is  the  same,  diphenyl- 
amine  taking  the  place  of  carbazol.  Although  Spiegel  does 
not  mention  any  experiments  made  to  ascertain  the  influ- 
ence of  chlorides,  it  is  probable  that  this  will  be  found  as 
considerable  as  I  have  found  it  in  the  case  of  carbazol. 


The  electrolytic  METHOD   APPLIED   to   MER- 
CURY.—SEPARATION  FROM  COPPER. 


By  Edgar  F.  Smith  and  Lee  K.  Frankel. 


\_Read  at  the  Stated  Meeting  of  the  Chejnical  Section,  April  16,  iSSg.'\ 

The  electrolytic  precipitation  of  mercury  has  been  suc- 
.cessfully  performed  by  different  chemists ;  thus,  J.  B.  Han- 
nay  {Berichte  d.  d.  eJieni.  Gesellsehaft,  6,  270)  recommends  a 
solution  of  mercury  sulphate  for  this  purpose,  but  gives  no 
quantitative  results.  F.  W.  Clarke  {Am.  Journal  of  Science, 
16,  200;  Zeitschrift  fir  analyt.  Chemie,  18,  103)  separated  mer- 
cury from  the  solution  of  its  chloride,  freely  acidulated  with 
sulphuric  acid,  by  using  a  current  obtained  from  six  Bunsen 
chromic  acid  cells.  Classen  and  Ludwig  (Berichte  d.  d.  cJiem. 
Gesellschaft,  19,  323)  employed  a  mercury  solution,  rendered 
slightly  acid  with  nitric  acid,  and  a  current  affording  '5  - 
ro  cc.  OH  gas  per  minute.  The  time  occupied  in  the  depo- 
sition, at  ordinary  temperatures,  was  twelve  to  sixteen  hours. 
Hoskinson  {Am.  CJiem.  Jourjial,  8,  209)  obtained  good  results 
with  the  nitrate.  vSm^ith  and  Knerr  {Am.  Chem.  Journal.  8, 
209)  employed  a  nitrate  solution,  in  which  there  was  consid- 
erable acid  in  excess,  and  with  a  current  yielding  4  cc.  OH 
gas  per  minute  deposited  •  i  gramme  of  mercury  in  forty-five 
minutes.  In  all  of  these  methods,  which  permit  of  the  sepa- 
ration of  mercury  from  many  other  metals,  the  mercury  is 
thrown  out  as  a  mirror-like  deposit,  and  drops  of  metal  are 
plainly  discernible. 
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We  have  observed  that  this  metal  can  be  separated 
without  difficulty  from  solutions  containing  a  large  excess 
of  alkaline  cyanide,  and  with  a  comparatively  weak  current. 
The  solution  used  was  the  chloride.  The  conditions,  time, 
strength  of  current  and  results  are  as  follows,  with  mercury 
alone : 


Solution 

Contained 

Hg. 

Found 
Hg. 

Per  cent. 
Difference. 

Quantity  of 
KCN. 

Total 
Dilution. 

Time  in 
Hours. 

Current  in 
cc.  OH  Gas 
per  Minute. 

Grammes. 

1 

]    Grammes. 

cc. 

cc. 

■»945 

•1953 

5- 

•1- 

26 

175 

16 

•2 

•1948 

1          +-14 

26 

16 

■2 

•1946 

1          +  -05 

I 

30 

24 

•1930 

1         —'77 

I 

30 

24 

■1945 

I 

30 

12 

•2 

■1945 

I 

30 

12 

•1945 

2 

60 

12 

•2 

■'944 

—  •05 

65 

12 

•1942 

—  ''4 

65 

12 

•2 

•1956 

-•56 

65 

12 

■2 

•'957 

-f-  -61 

I 

3<^ 

12 

.   .   . 

•1948 

+  •14 

I 

30 

12 

"2 

The  deposits  in  these  determinations  were  compact, 
rather  gray  in  color,  and  showed  in  few  cases  the  drop-like 
nature  so  characteristic  of  mercury. 

For  washing  purposes  it  was  found  best  to  use  water 
only,  because  when  this  was  followed  with  alcohol,  we 
noticed  that  the  latter  detached  thin  films  of  metal,  causing 
loss  in  consequence.  The  heat  of  the  hand  is  sufficient  to 
dry  the  deposit,  though  a  warm  iron  plate  may  be  used. 
Some  of  the  deposits  were  allowed  to  dry  slowly  over  sulphu- 
ric acid.  In  our  experience,  with  about  a  hundred  mercury 
depositions,  we  observed  but  five  in  which  there  was  a  slight 
oxidation  of  the  metal.  This  only  occurred  when  a  film 
of  water  remained  in  contact  for  some  time  with  the 
deposited.  mercur\\ 

In  working  with  copper  solutions,  under  conditions  simi- 
lar to  those  mentioned  above,  we  discovered  that  this  metal 
would  not  separate  until  the  alkaline  cyanide  was  com- 
pletely decomposed.  We,- therefore,  undertook  a  series  of 
experiments  with  solutions  containing  both  mercury  and 
copper,  hoping  to  effect  their  electrolytic  separation.  This 
seemed  advisable,  as  the  attempts  in  this  direction  had  thus 
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far  not  been  as  successful  as  might  be  desired  (See  Luckow, 
Zeitschrift  fiir  analyt.  Chemie,  8,  24,  and  Classen,  Bcrichte  d. 
d.  chem.  Gesellschaft,  17,  2,467;  also  Zeitschrift  fiir  analyt. 
Chemie,  24,  247). 

Our  mercury  solution  contained  the  same  quan- 
tity of  metal  as  in  the  first  experiments.  Seventy 
per  cent,  of  copper  was  added  in  each  case.  The  quan- 
tity of  cyanide  varied  from  -65  grammes  to  3-9  grammes; 
total  dilution  was  200  cc,  and  the  current  strength 
varied  from  -i  to  •4.  cc.  OH  gas  per  minute.  Time,  six  to 
eighteen  hours.  Ten  experiments  were  performed,  and  not- 
withstanding the  mercury  was  completely  deposited,  slight 
quantities  of  copper  were  likewise  thrown  out  of  solution. 

Thirty  additional  experiments  were  made ;  in  each  the 
quantity  of  mercury  was  '1945  grammes,  while  the  copper 
varied  from  fourteen  to  seventy  per  cent.  The  quantity  of 
alkaline  cyanide  varied  from  3*9  to  8-5  grammes  ;  total  dilu- 
tion remained  200  cc.  The  current  averaged  •4.  cc.  to  •12 
cc.  OH  gas  per  minute.  Time,  eighteen  hours.  The  best 
results  were  these  : 


Hg  Taken. 

Hg  Found. 

Difference  in 
Per  Cent 

Grammes. 

•  '945 

1932 
1920 
1927 

193" 
1936 
1954 
1938 
1923 
1021 

Per  Cent. 

—  66 

—  I  28 

—    '92 

—    -46 

—    '77 

—      46 

4-      -46 

—     -36 

—  i"i3 

—  1-23 

These,  as  well  as  the  results  obtained  in  twenty  experi- 
ments made  later,  seem  to  indicate  that  the  presence  of  the 
copper  exercises  considerable  influence  upon  the  precipita- 
tion of  the  mercury — retards  it.  This  fact,  we  think,  was 
confirmed  by  ten  more. experiments,  in  all  of  which  a  slight 
quantity  of  the  mercury  was  retained  in  solution,  notwith- 
standing the  current  was  increased  to  \-2  cc.  OH  gas  per 
minute,  and  the  amount  of  cyanide  considerably  reduced. 
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The    time    of    each    precipitation    was    continued    through 
seventeen  hours. 

Our  attention  was  next  directed  to  ascertaining  whether 
or  not  a  stronger  current  might  be  used  to  throw  out  the 
mercury,  and  at  the  same  time  leave  the  copper  in  solution. 
The  results  with  mercurv  alone  were 


Hg  Present. 


•1833 


Hg  Found. 


•1827 
•1832 
■1834 


Difference  in 
Per   Cent. 


KCN  in 
Grammes. 


Grammes . 

i"5 


Total 
Dilution. 


200 
200 

200 


Current  in 
cc.  OH  Gas 
per  Minute. 


28 
2-8 


Time  in 
Hours. 


Using  the  same  quantity  of  mercury  and  varying  amounts 
of  copper  the  results  were  as  follows : 


Hg  Present. 


1833 


Per  Cent, 
of  Cu 
Present. 

Hg  Found. 

Difference  in 
Per  Cent. 

Per  Cent. 

Per  Cent. 

I 

•1821 

-■65        1 

10 

•ibzB 

—  "27        1 

I 

•1821 

-•65 

14 

•1831 

.   .    . 

10 

•1821 

-•65 

5 

•iStg 

-•76        1 

3 

•1815 

-•98        ; 

5 

•1834 

T  -OS 

•1836 

-r  -16         1 

KCN  in 
Grammes. 


Grammes. 
15 


Total 
Dilution. 


cc. 
200 


Current  in      Time  in 
cc.  OH  Gas.     Hours. 


O 


£S 


Hours. 
16 


which  are  recorded  in  the  order  obtained,  and  while  the 
differences  in  percentage  from  that  required  vary  from  +'05 
per  cent,  to  — "98  per  cent.,  and  in  six  cases  out  of  nine  show 
a  deficiency  in  the  mercury,  yet  a  careful  qualitative  exami- 
nation of  each  filtrate  failed  to  detect  this  metal ;  the  error 
must  therefore  be  ascribed  to  other  causes.  It  may  not  be 
improper  to  add  that  these  determinations  and  separations 
were  not  always  conducted  in  the  same  platinum  vessels, 
and,  further,  those  used  by  us  ranged  in  weight  from  sixty- 
one  to  135  grammes. 

Where  the  quantity  of  copper  exceeded  twenty  per  cent, 
of  the  mercury,  the  results  were  unsatisfactory. 
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It  is  well  known  that  silver  can  be  separated  quantita- 
tively from  its  cyanide  solution,  but  whether  its  separation 
from  copper  could  be  effected  in  the  same  manner  as  that 
by  which  mercury  and  copper  were  separated,  was  undeter- 
mined ;  to  ascertain  this,  we  made  forty  experiments ;  ten 
of  which  resulted  as  follows : 


Present. 

Ag 
Found. 

Difference 

KCN 

Current 

Time 

Copper. 

in 
Per  Cent. 

in 
Grammes. 

in 
OH  Gas. 

in 
Hours. 

Dilution. 

Per  Cent. 

Per  Cent. 

Grammes 

cc. 

10 

■1257 

+  278 

200 

.J.    u 

10 

■J299 

+   6'20 

200 

.2-> 

•1223 

10 
10 
10 

•1225 
•1263 
•1257 

+    '16 

T  3-20 
+  2-78 

"S 
to 

5 
to 

200 
200 
200 

,0 

•1244 

+  i-yi 

200 

aT3 

10 

•1251 

•      +   2'20 

200 

0  u 

10 

•1242 

+  1-55 

2CO 

^B 

La'ter,  we  diminished  the  quantity  of  copper  with  no 
better  result.  On  increasing-  the  quantity  of  cyanide,  and 
also  the  strength  of  the  current,  the  silver  was  very  notably 
retarded  in  its  deposition.  After  carefully  repeating  the 
work  with  no  better  outcome,  we  feel  justified  in  saying- 
that  the  cyanide  method  cannot  be  applied  in  the  electro- 
lytic separation  of  these  two  metals. 


The  current  employed  by  us  was  obtained  from  storage 
batteries  of  the  Julien  form.  Each  cell  contains  nineteen 
plates,  each  of  which  is  five  and  three-quarter  inches  square. 
In  a  long  experience,  with  almost  every  form  of  batter}-,  in 
electrolytic  work,  we  have  not  had  the  same  even,  steady 
current  for  a  series  of  hours  as  with  the  Julien  form,  and 
recommend  it  to  all  engaged  in  similar  experiments.  See 
further  BericJite  d.  d.  cheni.  Gesellschaft,  21,  2,892. 

University  of  Pennsylvania, 
Philadelphia,  April  13,  1889. 
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On  the  present  CONDITION  of  the  PHILA- 
DELPHIA WATER  SUPPLY."    SECOND 
MONTHLY  REPORT. 


By  Samuel  C.  Hooker,  Ph.D. 


\^Read  at  the  Stated  Meeting  of  the   Chemical  Section,  May  21,  i88g^ 

In  presenting  my  second  report,  it  is  with  considerable 
pleasure  that  I  am  able  to  refer  to  a  matter  of  very  general 
interest  and  importance  in  connection  with  the  water  supply 
of  this  city.  The  northwestern  portion  of  the  city,  which 
for  years  has  had  to  endure  all  the  inconveniences  attend- 
ant upon  almost  continuously  muddy  water,  will,  sometime 
during  the  present  month,  be  placed  upon  an  equal  footing 
with  the  other  and  heretofore  more  fortunate  sections  of 
the  cit}',  and  will  then  be  supplied  from  the  East  Park 
reservoir,  instead  of  directly  from  the  Schuylkill.  The 
inhabitants  of  Philadelphia  generally,  and  more  particularly 
those  of  the  district  referred  to,  may  be  heartily  congratu- 
lated on  this  change,  which  is  unquestionably  one  of  the 
most  important  improvements  recently  made  in  connection 
with  city  affairs.  It  may  be  of  interest  at  the  present  time 
to  recall  some  facts  connected  with  the  supply  of  this  dis- 
trict. 

Owing  to  the  considerable  elevation  of  this  portion  of  Phila- 
delphia, there  has  been  no  available  reservoir  high  enough 
to  supply  it,  and  consequently  water  was  pumped  directly 
into  the  mains  from  the  Schuylkill  River,  a  process  which 
had  to  be  kept  up  continuously,  regardless  of  what  might  be 
the  condition  of  the  river  or  how  much  it  might  be  charged 
with  storm  water.  The  consequence  of  this  is  ver^'  obvi- 
ous. At  all  times  the  water  is  more  muddy,  and  frequently 
unquestionably  far  less  wholesome  than  that  which  is  sup- 
plied to  other  portions  of- the  city,  whose  reservoir  capacity 
is  sufficiently  large  to  allow  of  a  plentiful  supply  without 
the  necessity  of  drawing  from  the  river  -ivhen  in  its  most 
unfavorable  condition.     In  order  to  overcome  these  difficul- 
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ties  land  was  purchased  some  years  ago  at  Cambria  and 
Thirtieth  Streets,  and  a  proposed  Cambria  reservoir  was 
long-  talked  about,  but  the  project  of  construction  presented 
so  many  difficulties,  and  promised  to  require  a  so  much 
greater  outlay  of  capital,  per  unit  of  storage  capacity,  than 
had  been  necessary  in  the  construction  of  the  other  reser- 
voirs, that  the  plan  was  eventually  abandoned  in  favor  of 
that  to  be  put  in  operation  in  a  few  days. 

As  the  height  of  the  East  Park  reservoir  is  not  sufficiently 
great  to  enable  it  to  feed  this  district  by  gravity,  arrange- 
ments have  been  made  to  pump  the  water  into  the  mains 
after  it  has  properly  settled. 

My  first  report  has  been  somewhat  criticised,  and  a 
number  of  suggestions  have  been  made  with  regard  to  the 
plan  of  the  work  I  have  undertaken.  The  desirability  has 
been  urged,  not  only  of  increasing  the  determinations  made, 
but  also  of  the  samples  examined.  It  has  been  suggested 
that  districts  should  be  sought  out,  in  which,  owing  to  the 
neighborhood  of  the  dead  end  of  a  main  or  to  some  other 
cause,  the  water  is  continually  inferior  to  the  average  sup- 
ply. The  importance  of  these  suggestions  is  self-evident, 
and  it  is  much  to  be  regretted  that  the  great  amount  of 
time  and  labor  required  for  carrying  them  out  is  entirely 
out  of  all  proportion  to  that  which  I  am  able  to  devote  to 
the  subject.  The  first  object  of  this  investigation  is  to 
ascertain  the  true  general  condition  of  the  water,  as  a 
whole,  and  when  this  *  has  been  done,  it  will  be  time 
enough  to  consider  local  causes  of  deterioration.  With 
regard  to  the  collection  of  the  samples,  I  have  taken  no 
pains  to  select  points  at  which,  for  purely  local  reasons, 
the  water  is  likely  to  be  exceptionally  bad;  neither  have 
I  endeavored  to  get  as  far  away  from  the  dead  end  of  a 
main  as  possible,  so  that  the  water  might  be  at  its  best. 
The  samples  which.  I  am  receiving  are,  I  have  every  reason 
to  believe,  thoroughly  representative  of  the  water  supplied 
to  the  districts  in  which  they  are  drawn,  and,  taken  as  a 
whole,  they  unquestionably  represent  fairly  the  supply  of 
the  city. 

With  regard  to  increasing  the  number  of  the  constituents 
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determined,  I  do  not  think  that  much  would  be  gained  at 
present  by  so  doing,  but  as  the  investigation  proceeds  it 
may  be  found  desirable  to  complete  the  chain  of  evidence 
either  for  or  against  the  water,  and  no  measures  will  be 
left  untried  which  promise  any  reasonable  degree  of  success 
in  eliciting  useful  information. 

It  is  much  to  be  regretted  that  during  the  past  month  it 
has  been  found  necessary  to  continue  pumping  from  the 
Delaware  at  the  Kensington  station.  The  water  drawn 
at  this  point,  even  when  mixed  with  a  large  proportion 
from  the  Schuylkill,  remains  very  decidedly  inferior  to  the 
general  supply  of  the  city.  In  a  very  short  time  this 
station  is  to  fall  into  disuse  and  no  effort  should  be  spared 
to  avoid  the  necessity  of  having  ever  again  to  resort  to  it 
for  city  supply.  Proper  provision  should  be  made  at  once 
to  enable  the  Water  Department,  even  in  the  case  of 
emergency,  to  meet  the  city's  requirements  without  having 
to  draw  a  single  gallon  of  water  from  this  unquestionably 
much  polluted  point  of  the  Delaware.  The  best  thing  that 
could  be  done  in  the  public  interest  would  be  to  dismantle 
this  station  in  such  a  way  that  pumping  here  in  the  future 
would  be  an  absolute  impossibility. 

Having  reference  to  a  statement  made  in  my  last  report, 
my  attention  has  been  called  by  the  Health  Department  to 
the  fact  that  analyses  of  the  water  supply  have  been  made 
regularly  for  its  information  during  a  number  of  years  past. 
These  analyses  are  withheld  from  the  public,  however,' 
because  it  is  feared  that  improper  use  might  be  made  of 
them  by  individuals,  and  that  figures  might  be  sifted  and 
distorted  for  the  purpose  of  furthering  private  ends.  If 
there  is  no  better  reasons  for  withholding  these  analyses 
than  those  which  I  have  mentioned,  it  is  to  be  hoped  that, 
m  future,  matters  will  be  regarded  in  a  different  light  by 
the  Department  and  that  the  public  will  be  furnished  with 
the  information  which  rightly  belongs  to  it.  It  would  seem 
to  me  far  more  desirable  that  the  public  should  be  periodi- 
cally told  precisel}'  to  what  extent  the  water  is  good  or  bad, 
how  it  is  affected  by  circumstances  attending  its  distribu- 
tion,   and    what  probable  connection   there  is  at  different 
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times  between  the  condition  of  the  water  supply  and  that 
of  the  public  health.  All  figures,  moreover,  should  be 
furnished  to  enable  those  who  care  to  study  the  matter  to 
do  so. 

During  the  period  covered  by  this  report,  April  19th  to 
May  17th,  I  have  examined  twenty-six  samples  of  water  and, 
taken  as  a  whole,  I  am  able  to  report  very  favorably  on  its 
condition.  The  water  was,  however,  in  a  few  instances 
extremely  muddy. 

The  nitrates,  which,  during  a  part  of  the  period  covered 
by  my  first  report,  were  somewhat  high,  have  decreased  con- 
siderably in  quantity;  the  albuminoid  ammonia,  represent- 
ing the  nitrogenous  organic  matter  in  "solution,  is  lower  than 
that  during  the  previous  month  and  does  not  varv'  to  any 
considerable  extent  in  anv  of  the  samples  examined. 

I  should  have  mentioned  in  my  last  report,  that  before 
determining  the  albuminoid  and  free  ammonia,  the  water 
is  carefully  filtered  through  a  good  quality  of  paper,  so  as 
to  remove  as  well  as  possible  all  solid  particles,  the  presence 
of  which  would  otherwise  render  it  impossible  to  arrive  at 
any  correct  idea  of  the  true  quality  of  the  water,  and  would 
further  make  any  comparison  between  the  water  supplied 
to  the  various  sections  of  the  city  worse  than  useless.  In 
certain  cases,  a  filtration  of  this  character  is  not  able  to 
remove  some  of  the  very  fine  mud  held  in  suspension ;  this 
tells  unfavorably  on  the  analysis  and  is  one  reason,  I  believe, 
why,  during  the  period  covered  by  my  first  report,  the  Ger- 
mantown  water  appeared  to  less  advantage  than  that  in 
other  portions  of  the  city. 

My  analyses  so  far  show,  when  considered  as  a  whole, 
that  the  actual  quality  (and  here  I  have  no  reference  to 
muddiness)  of  the  Germantown  water  is  not  inferio'-  to  that 
of  the  general  supply;  on  the  contrary,  I  believe  that  if  the 
storage  capacity  of  the  reservoir  through  which  it  passes, 
were  sufficiently  increased  to  allow  the  mud  to  subside 
properly  and  to  avoid  the  necessity  of  drawing  water  at 
unfavorable  times,  it  would  be  distincth'-  superior  to  much 
Schuylkill  water  that  is  supplied  to  other  portions  of  the  city. 

The  almost  constantlv  muddv  condition  of  the  German- 
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town  water  is,  however,  most  truly  deplorable,  and  the 
attention  of  the  authorities  cannot  be  too  earnestly  called 
to  it.  The  Water  Department  has  certainly  no  more  import- 
ant task  before  it  than  the  furnishing  of  this  district  with 
clean  water 

A  diagram  is  appended,  as  in  my  lasc  report,  and  as 
several  comments  have  been  made  in  regard  to  the  former 
one,  I  would  take  this  opportunity  of  mentioning  that  all 
the  curves  are  not  constructed  to  represent  parts  per  100,- 
000,  because  if  this  wxre  attempted,  either  the  size  of  the 
diagram  would  have  to  be  enormously  increased,  or  several 
diagrams  would  be  necessary. 

ANALYSES  of  the  PHILADELPHIA  WATER  SUPPLY. 
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DIAGRAM    SHOWING   THE   AVERAGE    RELATIVE   CONDITION    OF  THE  WATER    SUPPLY   AT 
DIFFERENT  POINTS  OF  THE  CITY.     April  19  to  May  17.  1889. 
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EXPLANATORY   NOTES: 

Nitrogen  of  Nitrates  in  parts  per  10,000. 

Representing,  when  in  excess,  animal  matter,  which  by  natural  processes  of  purification  has  been 
rendered  harmless. 

{Albuminoid  Ammonia  in  parts  per  100,000. 
Representing,  when  in  excess,  nitrogenous  organic  matter  of  the  most  dangerous  type. 
{Chlorine  in  parts  per  1,000. 
Representing,  when  in  excess,  present  or  past  sewage  contamination. 
(Free  Ammonia  in  parts  per  100,000. 
Representing,  when  in  excess,  decaying  organic  matter. 
Provided  that  the  two  lower  curves  do  not  vary  much  in  height  from  those  given,  the  condition  of  the  water 
may  be  regarded  as  satisfactory   so  long  as  the  two  upper  curves  remain  below  the  double  line  through  015 

It  will  be  understood  that  the  smaller  the  quantity  of  the  substances  indicated  by  the  above  curves,  the  more 
satisfactory  the  condition  of  the  water.  In  other  words,  the  water  is  most  satisfactory  with  regard  to  each  particular 
substance,  at  the  lowest  point  of  each  curve. 
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Fro7it  and  Bainbridge. 
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4000  Germantown  Avenue. 
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May       3d "21  "0000 
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4^16  CJiestmit  Street. 
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On  the   occurrence   of   PARAFFINE   in   CRUDE 

PETROLEUM. 


\An  Abstract  of  a    Thesis  by  E.  A.  Partridge,   Class  of  'Sg,    Univ.  of  Pa. 
Read  before  the  Chemical  Section  by  Prof.  S.  P.  Sadtler.'] 

It  is  well  known  that  the  paraffine  obtained  by  the  dis- 
tillation of  petroleum  residues  is  crystalline,  while  that 
obtained  directly  (as  in  the  filtration  of  residuum)  is  amor- 
phous. Ozokerite  or  ceresine  differs  but  slightly  from 
paraffine,  the  principal  distinction  being  want  of  crystalline 
structure  in  it  as  found.  Other  characteristics,  such  as  the 
melting  point,  specific  gravity,  etc.,  vary  in  both,  and  so  are 
not  of  importance  in  a  comparison.  Hence  it  has  been 
asked,  is  the  paraffine  occurring  in  petroleum  and  ozokerite 
identical  with  that  which  is  produced  by  their  distillation  ? 
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As  crystalline  paraffine  could  be  obtained  from  ozokerite  by 
distillation  alone,  many  persons  have  supposed  that  it  was 
engendered  in  the  process.  Recently,  however,  crystalline 
paraffine  has  been  obtained  from  ozokerite  by  dissolving 
the  latter  in  warm  amyl  alcohol;  on  cooling  the  greater 
part  separates  out  in  crystals  having  the  lustre  of  mother- 
of-pearl.  By  repetition  of  this  process,  a  substance  is 
obtained  that  is  scarcely  to  be  distinguished  from  the 
paraffine  obtained  by  distillation.  Apparently  there  exists 
then  in  ozokerite,  together  with  paraffine,  other  substances 
not  capable  of  crystallization  which  keep  the  paraffine  from 
crystallizing.  These  colloids  appear  to  be  separated  by 
amyl  alcohol  in  virtue  of  their  greater  solubility  in  that 
menstruum.  It  is  also  reasonable  to  suppose  that  they 
undergo  change  or  decomposition  by  distillation. 

vSo  as  petroleum  residues  are  amorphous,  and  the  crys- 
talline paraffine  is  first  produced  by  distillation,  it  has  been 
argued  that  the  paraffine  present  in  crude  petroleum  is 
approximately  the  same  thing  as  ozokerite. 

This,  however,  is  not  sufficient  to  establish  the  p^'rogenic 
origin  of  all  crystallized  paraffine,  as  crystals  can  be 
obtained  from  the  amorphous  residues  by  distillation  at 
normal  or  reduced  pressure  or  in  a  current  of  steam.  To 
explain  these  facts  two  assumptions  are  possible.  Either 
the  chemical  and  physical  properties  of  all  or  some  of  the 
solid  constituents  are  changed  by  the  distillation,  and  the. 
paraffine  is  changed  from  the  amorphous  into  the  crystal- 
line variety,  or  the  change  produced  by  the  distillation 
takes  place  in  the  medium  (/".  c,  the  mother  liquid)  in  which 
the  paraffine  exists.  The  change  effected  in  ozokerite  and  in 
petroleum  residues  when  crystalline  paraffine  is  obtained  by 
distillation,  is  to  be  regarded  as  a  purification,  and  can  be 
effected  partially  by  treatment  with  amyl  alcohol.  In  the 
same  way,  by  repeated  treatment  of  petroleum  residuum 
with  amyl  alcohol,  a  substance  of  melting  point  59^  C.  can 
be  obtained,  which  cannot'  be  distinguished  from  ordinary 
paraffine. 

The  treatment  with  amyl  alcohol  has  therefore  accom- 
plished the  same  results  as  was  obtained  by  distillation,  and 
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the  action  is  probably  the  same,  i.  e.,  a  partial  separation  of 
colloid  substance.  These  facts  point  to  the  conclusion  that 
crvstallizable  paraffine  exists  ready  formed  in  both  petro- 
leum and  in  ozokerite,  but  in  both  cases  other  colloidal  sub- 
stances prevent  its  cystallization.  By  distillation,  these 
colloids  appear  to  be  destroyed  or  changed  so  as  to  allow 
the  paraffine  to  crystallize. 

It  is  a  generally  known  fact  that  liquids  always  appear 
among  the  products  of  the  distillation  of  paraffine,  no 
matter  in  what  way  the  distillation  be  conducted.  This 
shows  that  some  paraffine  is  decomposed  in  the  operation. 

The  name  proto-paraffine  has  been  given  to  ozokerite,  and 
to  the  paraffine  of  petroleum  in  contra-distinction  to  pyro- 
paraffine,  the  name  that  has  been  applied  to  the  paraffine 
obtained  by  distillation  from  any  source. 

According  to  Reichenbach,  paraffine  may  crystallize  in 
three  forms :  needles,  angular  grains  and  leaflets  having  the 
lustre  of  mother-of-pearl.  Hofstadter,  in  an  article  on  the 
identity  of  paraffine  from  different  sources,  confirmed  this 
statement,  and  added  farther  that  at  first  needles,  then  the 
angular  forms,  and  then  the  leaflets  are  formed.  Fritsche 
found,  by  means  of  the  microscope,  in  the  ethereal  solution 
of  ozokerite,  very  fine  and  thin  crystal-leaflets  concentrically 
grouped,  and  in  the  alcoholic  solution  fine  irregular  leaflets. 
Zaloziecki  has  recently  developed  these  microscopic  investi- 
gations to  a  much  greater  extent.  According  to  this 
observer,  the  principal  part  of  paraffine,  as  seen  under  the 
microscope,  consists  of  shining  stratified  leaflets  with  a 
darker  edge.  The  most  characteristic  and  well-developed 
crystals  are  formed  by  dissolving  paraffine  in  a  mixture  of 
ethyl  and  amyl  alcohols  and  chilling.  The  crystals  are 
rhombic  or  hexagonal  tablets  or  leaves,  and  are  quite  regu- 
larly formed.  They  are  unequally  developed  in  different 
varieties  of  paraffine.  The  best  developed  are  those 
obtained  from  ceresine.  Their  relative  size  and  appearance 
give  an  indication  as  to  the  purity  of  the  paraffine,  and,  as  they 
are  always  present,  they  are  to  be  counted  among  the  char- 
acteristic tests  for  paraffine.  Reichenbach  observed  that 
mere  traces  of  empyreumatic  oil  prevented  their  formation. 
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The  old  method  of  determining  the  amount  of  paraftine 
in  petroleum  was  to  carry  out  the  refining  process  on  a 
small  scale ;  that  is,  to  distil  the  residue  from  the  kerosene 
oils  to  coking,  chill  out  the  paraffine,  press  it  thoroughly 
between  filter-paper  and  weigh  the  residue.  The  sources  of 
error  in  this  procedure  are  manifold;  the  principal  one  is 
the  solubility  of  paraffine  in  oils,  which  depends  upon  the 
character  of  both  the  parafiine  and  the  oil,  and  also  upon 
the  temperature.  The  next  greatest  source  of  error  is  varia- 
tion in  the  process  of  distillation  and  the  difference  between 
working  on  the  small  scale  and  on  the  large  scale. 

In  most  cases,  where  a  paraffine  determination  is  to  be 
carried  out,  one  has  to  deal  with  a  mixture  of  paraffine  with 
liquid  oils.  Now,  paraffine  is  not  a  substance  defined  by 
characteristic  physical  properties  which  distinguish  it  from 
the  liquid  portions  of  petroleum.  It  consists  of  a  mixture 
of  homologous  hydrocarbons,  which  form  a  solid  under 
ordinary  conditions.  The  hydrocarbons  of  this  mixture 
show  a  gradation  in  their  properties,  and  gradually  approxi- 
mate to  those  which  are  liquid  at  ordinary  temperatures.  It 
is  a  well-known  fact  that  a  separation  of  these  homologues 
is  entirely  impossible  by  distillation.  It  has  also  been 
ascertained  that  the  liquid  constituents  of  petroleum  do  not 
always  possess  boiling  points  that  are  lower  than  those  of 
the  solid  constituents.  This  shows  that  we  have  to  deal 
not  merely  with  hydrocarbons  of  one  but  of  several  series. 

When  determinations  of  the  amount  of  paraffine  are  to 
be  made,  then  it  becomes  necessar^^  to  specify  with  exact- 
ness what  is  to  be  called  paraffine.  The  most  definite  prop- 
erty that  can  be  made  use  of  for  this  purpose  is  the  melting 
point.  For  several  reasons  it  is  convenient  to  include  under 
this  name  hydrocarbons  of  melting  point  as  low  as  35°-40^  C. 

The  method  proposed  by  Zaloziecki  for  the  determina- 
tion of  paraffine  is  the  following :  The  most  volatile  por- 
tions of  the  petroleum  are  separated  by  distillation,  until  the 
thermometer  shows  200°  C.  These  portions  are  separated, 
as  they  exert  great  solvent  action  upon  paraffine.  At 
the  same  time  he  finds  that  no  pyro-paraffine  is  formed 
under  this  temperature,     A  weighed  portion  of  the  residue 
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is  taken  and  mixed  with  ten  parts  by  weight  of  amyl 
alcohol  and  ten  parts  of  seventy-five  per  cent,  ethyl 
alcohol :  the  mixture  is  then  chilled  for  twelve  hours  to 
0°  C.  It  is  then  filtered  cold,  washed  first  with  a  mixture 
of  amyl  and  ethyl  alcohols,  and  then  with  ethyl  alcohol 
alone.  The  paraffine  is  transferred  to  a  small  porcelain 
evaporating  dish  and  dried  at  110°  C.  It  is  then  heated 
with  concentrated  sulphuric  acid  to  i50°-i6o°  C.  for 
fifteen  to  thirty  minutes  with  constant  stirring.  The  acid 
is  then  neutralized  and  the  paraffine  extracted  by  petroleum 
ether.  On  evaporation  of  the  solvent,  the  paraffine  is  dried 
at  100°  C.  and  weighed.  Zaloziecki  found,  according  to  this 
method,  in  three  samples  of  Galician  petroleums,  4'6,  5*8  and 
6"  5  per  cent.,  respectively,  of  proto-paraffine.  The  method 
was  carried  out  as  above,  with  four  samples  of  American 
petroleums,  Colorado  oil  from  Florence,  Col.  ;  Warren 
County  oil  from  Wing  Well,  Warren,  Pa.;  Washington  oil 
from  Washington  County,  Pa.;  Middle  District  oil  from 
Butler  Coiinty,  Pa.,  all  furnished  by  Professor  Sadtler. 

They  were  very  different  in  physical  properties  and  in 
appearance,  the  Colorado  oil  being  a  much  heavier  oil  than 
the  others  and  the  Washington  oil  being  an  amber  oil, 
while  the  other  two  were  of  the  ordinary  dark  green  color  and 
consistence.  The  losses  on  distillation  to  200°  C.  were  very 
different,  being  about  one-tenth  in  the  case  of  the  Colorado 
oil  and  nearly  one-half  in  the  case  of  the  others.  The  per- 
centages of  partially  refined  proto-paraffine  in  the  four 
reduced  oils  (all  below  200°  C.  off)  were  as  follows :  for  the 
Colorado  oil,  23-9  per  cent.;  for  the  Warren  oil,  26-5  per 
cent. ;  for  the  Washington  oil,  26*6  per  cent. ;  and  for  the 
Middle  District  oil,  28-2  per  cent. 

The  question  now  arises,  what  value  has  this  determina- 
tion of  the  proto-paraffine  which  may  exist  in  an  oil.  As 
before  said,  a  portion  of  the  paraffine  is  always  decomposed 
in  distillation  at  temperatures  sufficiently  high  to  drive  over 
the  paraffine  oils,  so  the  yield  of  pyro-paraffine  is  always  less 
than  the  proto-paraffine  shown  to  be  present  originally. 
Zaloziecki  found  this  in  the  case  of  the  several  Galician  oils 
he  examined.     Corresponding  to  the  4*6,  5-8  and  6"5  per  cent. 
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of  proto-paraffine  in  the  several  oils,  he  obtained  2-i8,  2*65 
and  2*35  per  cent.,  respectively,  of  pyro-paraffine. 

For  the  present,  however,  the  extraction  of  proto-paraffine 
on  a  large  scale  by  means  of  such  solvents  as  amyl  and 
ethyl  alcohols  is  out  of  the  question  on  account  of  their  cost. 
A  distillation,  under  reduced  pressure  and  with  superheated 
steam,  would,  however,  prevent  much  of  the  decomposition 
of  the  original  proto-paraffine  and  increase  the  yield  of  pyro- 
paraffine. 

This  study  of  Zaloziecki's  method  and  the  examination 
of  American  oils  was  suggested  by  Professor  Sadtler  and 
carried  out  in  his  laboratory. 
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ANNUAL   REPORT 

OF  THE    DIRECTOR  OF  THE    DRAWING  SCHOOL   OF  THE  FRANK- 
LIN INSTITUTE,  FOR  THE  SESSIONS  1 888-1 889. 


The  number  of  pupils  attending  the  Drawing  School  has  been  less  this 
year  than  last,  but  as  other  similar  schools  have  had  the  same  experience,  it 
is  evidently  due  to  outside  causes  and  does  not  indicate  any  loss  of  prestige. 
On  the  contrary,  the  system  of  instruction  has  been  greatly  improved,  and 
the  efficiency  correspondingly  increased.  This  is  particularly  the  case  with 
the  Junior  and  Intermediate  Classes  in  Mechanical  Drawing,  where  all  problems 
not  directly  useful  have  been  eliminated,  and  the  course  so  modelled  as  to  be 
logical,  concentrated,  concise,  and  at  the  same  time  more  comprehensive 
than  ever  before.  Excellent  opportunity  is  given  the  pupils  to  become 
thoroughly  grounded  in  the  principles,  and  any  failure  on  the  part  of  .any  of 
them  to  profit  by  it,  is  due  either  to  natural  incapacity  or  to  want  of  apprecia- 
tion of  or  lack  of  attention  to,  the  theoretical  studies  which  constitute  a  large 
portion  of  the  work.  If  those  desirous  of  learning  Mechanical  Drawing 
would  only  commence  at  the  beginning  and  go  understandingly  through  the 
entire  course,  they  would  become  thoroughly  interested  in  the  subject  and 
would,  at  the  end,  be  in  a  position  to  make  themselves  immediately  useful  in 
a  draughting  office  or  industrial  establishment,  and  would  have  mastered 
things  which,  as  apprentices  in  such  establishments,  they  would  never  get  an 
opportunity  to  learn. 

This  is  equally  true  of  those  desiring  to  take  up  Architectural  Drawing. 
It  is  the  ability  to  handle  crooked,  complicated  and  difficult  problems  that 
makes  any  individual  architect,  draughtsman  or  mechanic  more  valuable 
than  his  fellows,  and  although  a  natural  gift  of  genius  may  occasionally 
supply  the  place  of  education  and  training  to  some  extent,  yet  such  gifts  are 
rare,  and  even  when  they  do  occur,  the  education  has  to  be  obtained  after- 
wards by  overwork. 

The  Free  Hand  Classes  have  been  favored  this  year  with  an  unusual 
amount  of  natural  talent  and  have  consequently  been  very  successful.  Con- 
sidering the  total  number  of  hours  actually  spent  at  the  work,  the  quantity 
and  quality  of  the  result  attained  make  a  gratifying  showing. 

Much  credit  is  due  to  the  ability  and  earnestness  of  the  instructors : 
Messrs.  Clement  Remington,  Willis  H.  Groat,  John  F.  Rowland  and  George 
W.  Irons. 

The  following  pupils  are  entitled  to  Honorable  mention  : 

In  the  Senior  Mechanical  Class. 

William  H.  Schalliol,         Howard  W.  White,     Thomas  W.  Lawrence, 
A.  S.  Berquist,  Lucien  E.  Picolet,       John  Morris  Bush. 
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In  the  Intermediate  Classes. 
John  S.  Rooke,  Charles  W.  Godfrey,       Gustav  Friedler, 

George  C.  Tilton,  Clifford  M.  Talley,  Robert  G.  Hienerwald, 

Alexander  H.  Watt,      Donald  Frazer,  W.  E.  Wilkinson. 

hi  the  Junior  Mechanical  Classes. 
Frank  S.  Thompson,      John  G.  Johnson,  J.  Hiister, 

John  Simpson,  Henry  J.  Upp,  James  L.  Garnett, 

W.  A.  Leavitt,  Jr. 

In  the  Architectural  Class. 
George  W.  Haldeman,  Paul  A.  Davis, 

Charles  B,  Jarden,  Henry  Kerr. 


In  the  Free  Hand  Class. 
Robert  F.  Schleicher,     Charles  Nacke, 
Oscar  Wenderoth. 


Charles  A.  Koch, 


In  the  Oil-Painting  Class. 
Mrs.  L.  Nace, 


Arthur  B.  Davenport, 
Kate  F.  Dinan. 


George  Lethy. 


The  following  pupils  are  awarded  scholarships  from  the  B.  H.  Bartol 
Fund,  entitling  them  to  tickets  for  the  next  term,  beginning  September  23, 
1889: 

Intermediate  Mechanical  Class. 
John  S.  Rooke,  Donald  Frazer. 

Junior  Mechanical  Class. 
Frank  S.  Thompson,  J.  Hiister. 

Architectural  Class. 
Paul  A.  Davis. 

Free  Hand  Class. 
Robert  F.  Schleicher. 

The  following  pupils  having  attended  a  full  course  of  four  terms,  with 
satisfactory  results,  are  awarded  certificates  to  that  effect : 


Louis  Eichhorn, 
WiUiamH.Schalliol, 
Howard  W.  White, 
Lucien  E.  Picolet. 
Thomas  W.  Lawrence, 
Morris  T.  Patterson, 
William  Halpin, 
John  Morris  Bush, 
William  C.  Gray, 


James  Exley, 
Charles  W.  Leng, 
George  Bardsley, 
Henry  H.  Alcock, 
Emil  Lukert, 
George  Fred.  Becker, 
Charles  Doellber, 
Kenneth  J.  Easby, 
George  S.  Neff, 


William  C.  Brockmever,  Leburton  P.  Gardner, 


George  E.  Drum, 
William  Grieser, 
George  W.  Haldeman, 
Daniel  McLaughlin, 
William  Bartholomew, 
William  L.  Bushnell, 
Howard  AL  Craig, 
John  Kenney, 
George  H.  Robinson, 
Frederick  De  Ginther, 


William  H.  Lippert, 


Howard  L.  Dunlop. 
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It  is  to  be  regretted  that  the  class-rooms  are  not  sufficient  to  accommodate 

the  entire  school  on  two  evenings  in  the  week,  as  was  the  original  practice. 

Such  an  arrangement  would  increase  the  energy  and  enthusiasm  and  remove 

the   tiresome   effect   of  continuous   night   work    from  the  instructors.     The 

school  sessions  could  then  be  fixed  on  different  evenings  from  the  lectures, 

and  thus  avoid  th^  annoyance  to  the  lecturer  and  audience,  caused  by  the 

noise  on  the  stairway,  made  by  a  few  ill-bred  and  unruly  pupils  during  the 

exit  of  the  classes.     I  shall  endeavor  to  plan  a  rearrangement  of  the  rooms  to 

accomplish  this. 

William  H.  Thorne, 

Director. 


Franklin    Institute. 


\_Proceedings  of  the  Stated  Meeting,  held  Wednesday,  May  15,  i88g7\ 


Hall  of  the  Franklin  Institute, 

Philadelphia,  May  15,  1889. 
Joseph  M.  Wilson,  President,  in  the  Chair. 

Present,  128  members  and  sixteen  visitors. 

Additions  to  membership  since  last  report,  39. 

Mr.  S.  Lloyd  Wiegand  was  elected  as  a  trustee  of  the  Elliot  Cresson 
Fund,  to  fill  the  vacancy  caused  by  the  death  of  John  Wiegand. 

Mr.  James  S.  McCoy,  of  New  York,  gave  a  description  of  the  Pneumatic 
Tool  of  the  American  Pneumatic  Tool  Company  and  exhibited  the  tool  in 
operation  surfacing  and  engraving  stone,  engraving  upon  wood,  executing 
repousse  work,  etc.     Specimens  of  the  products  were  exhibited. 

The  subject  was  referred  for  investigation  to  the  Committee  on  Science 
and  the  Arts. 

Mr.  Fred.  E.  Ives  made  some  remarks  on  the  subject  of  portable  optical 
lanterns,  and  exhibited  vertical  lantern,  megascope,  microscope,  polari- 
scope  and  spectrum  projection  attachments  of  novel  construction,  adapted  to 
his  portable  folding  lantern. 

Mr.  Ives'  improvements  were  referred  to  the  same  committee  for  investi- 
gation and  report. 

Mr.  S.  Lloyd  Wiegand  presented  an  abstract  of  the  report  of  the  Com- 
mittee on  Science  and  the  Arts  on  "James  Atkinson's  Gas  Engine," 
illustrating  the  subject  by  the  use  of  a  number  of  lantern  slides. 

The  Secretary's  report  embraced  some  comments  on  the  Paris  Exhibition 
and  the  exhibition  of  a  number  of  views  of  some  of  the  most  notable  of  the 
various  buildings  and  structures. 

Adjourned.  Wm.  H.  Wahl,  Secretary. 
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MONTHLY  WEATHER   REVIEW 
For  JANUARY,  1889. 


Prepared  under  the  Direction  of  the   Committee  on  Meteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute, 
Philadelphia,  January  31,  1889. 

temperature. 

The  mean  temperature  for  January,  1889,  3l°'9,  is  about  5°  above  the  aver- 
age, and  9°-8  above  that  of  January,  1888.  The  mean  of  the  daily  maximum 
temperature  was  3i°'6,  and  of  the  daily  minimum  temperature,  27°-2.  The 
warmest  period  of  the  month  was  the  17th,  and  the  coldest  from  the  19th  to 
the  23d  inclusive. 

The  highest  temperatures  reported  were  Westtown,  68°'o  ;  Carlisle,  65°o  ; 
Reading,  64°-5  ;  McConnellsburg,  64°'o;  Lancaster,  64°o,  and  New  Bloom- 
field,  64°o.  The  lowest  were  Charlesville,  minus  5°;  Emporium,  minus  3°; 
Honesdale,  minus  3°;  Smethport,  minus  2°'5;  Hollidaysburg,  minus  2'';  New 
Castle,  minus  2°;  Coudersport,  minus  2°,  and  Wellsboro,  minus  2°.  Sta- 
tions with  the  highest  mean  for  the  month  were  Philadelphia,  37°'3;  Union- 
town,  36°'5  ;   Pittsburgh,  35°'2  ;   Catawissa,  35°;    Pottstown,  35°,  and  Indiana, 

34''-9.. 

Those  with  the  lowest  were  Eagles  Mere,  26°'6  ;  Honesdale,  27°-.S ; 
Phillipsburg,  28°-3 ;  Greenville,  28°7  ;  Coudersport,  28°-6,  and  Clarion, 
29-1. 


BAROMETER. 

The  mean  pressure,  3005,  is  '05  below  the  normal.  The  highest  readings 
noted  were  on  the  17th,  igih  and  23d,  and  the  lowest  on  the  9th  and  27th. 
That  of  the  9th  accompanied  the  tornadoes  which  passed  over  the  state  on 
that  date. 

PRECIPITATION. 

The  average  rainfall,  including  melted  snow,  was  3*54  inches,  which  is 
slightly  above  the  normal.  The  fall  was  very  evenly  distributed,  both  during 
the  month  and  over  the  state.  Light  snow  squalls  were  frequent.  The 
heaviest  snowfall  occurred  on  the  20th.  The  greatest  totals  in  inches  for  the 
entire  month  were,  Meadville,  21;  Eagles  Mere,  19;  Coudersport,  18; 
Somerset,  13;  Wellsboro,  12,  and  Rimersburg,  12.  \"ery  little  snow  remained 
on  the  ground  at  the  end  of  the  month. 

WIND    AND   WEATHER. 

The  prevailing  wind  was  from  the  west.  On  the  9th,  several  portions  of 
the  state  were  visited  by  tornadoes,  which  did  a  large  amount  of  damage. 
Owing  to  the  extreme  mildness  of  the  month  much  plowing  was  done  and  no 
ice  was  harvested.     Winter  grain  is  reported  in  good  condition. 

Average  number. — Rainy  days,  10;  clear  days,  9;  cloudy  days,  9.' 

MISCELLANEOUS    PHENOMENA. 

Snow. — Charlesville,  12th,  14th,  20th,  21st,  28th,  29th,  30th  ;  Reading,  20th, 
28th,  31st;  Hollidaysburg,  7th,  nth,  14th,  20th,  21st.  27th,  28th,  31st ;  Wysox, 
20th,  27th,  28th  ;  Ouakertown,  20th,  31st ;  Emporium,  20th,  24th  ;  State  College, 
15th,  20th,  31st;  Philiipsburg  6th,  7th,  9th,  nth,  20th,  21st,  28th,  29th,  30th, 
31st;  Coatesville,  20th;  Clarion,  7th,  nth,  20th,  21st,  28th,  30th,  31st; 
Grampian  Hills,  6th,  7th,  nth,  21st,  30th,  31st;  Lock  Haven,  21st,  23d; 
Catawissa,  20th,  28th,  31st;  Meadville,  7th,  nth,  i8th,  20th,  21st,  28th,  29th, 
30th,  31st;  Carlisle,  20th,  28th;  Harrisburg,  20th,  21st;  Swarthmore,  20th; 
Tionesta,  20th,  21st,  28th,  29th;  ^McConnellsburg,  20th ;  Huntingdon,  20t.h, 
2ist;  Indiana,  7th,  nth,  20th,  21st,  28th,  29th,  30th,  31st;  Lancaster,  20th, 
31st;  New  Castle.  19th,  20th,  21st,  28th,  30th;  Lebanon,  20th,  27th,  28th.  31st; 
Greenville,  6th,  7th,  9th,  nth,  i8th,  20th,  21st,  22d,  27th,  28th,  29th,  30th,  31st; 
New  Bloomfield,  20th,  21st,  28th,  31st;  Philadelphia,  20th,  28lh ;  Couders- 
port, 6th,  2ist,  22d,  24th,  27th,  2Sth,  29th,  30th,  31st;  Girardville,  20th,  31st; 
Sehns  Grove,  20th;  Eagles  Mere,  gth,  loth,  nth,  20th,  21st,  27th,  28th,  31st; 
Wellsboro,  7th,  21st,  27th,  28th,  30th,  31st;  Westtown,  2cth. 

Corona. — Charlesville,  8th,  nth,  13th  ;  Reading,  9th  ;  Hollidaysburg,  4th, 
8th,  I2th;  Clarion,  25th;  Lebanon,  9th,  loth,  nth,  12th,  14th,  19th,  23d, 
24th;  Greenville,  17th;   Eagles  Mere,  13th. 

So/ar  Halos. — Charlesville,  4th,"  19th,  23d;  Lebanon,  8th  ;  Philadelphia, 
4th;  Eagles  Mere,  8th,  13th,  15th.  19th,  22d,  31st;  Wellsboro.  15th,  22d. 

Lunar  Halos. — Charlesville,  19th  ;  Reading.  19th  ;  Hollidaysburg,  19th  ; 
Clarion,  14th,  19th;  Carlisle,  20th;  Lancaster,  19th;  New  Castle,  12th,  19th; 
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Lebanon,    9th;    Philadelphia,    15th;    Eagles    Mere,    19th;    Wellsboro,    8th, 
15th. 

Parhelia — Charlesville,  3d,  19th;  Eagles  Mere,  24th. 

WEATHER   SIGNALS. 
Display  man.  Station. 

U.  S.  Signal  Office Philadelphia. 

Wanamaker  &  Brown " 

Pennsylvania  Railroad  Company " 

Continental  Brewing  Company, " 

Samuel  Simpson, " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry, " 

Chester  Oil  Company, Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth AUentown. 

C.  B.  Whitehead Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son Emporium. 

C.  E.  Lenhart, Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith Ouakertown. 

J.  L.  Morrison Sharon. 

Vv'^m,  A.  Engel,     .     .  Shenandoah. 

Wm.  Schrock, Somerset. 

Postmaster Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken, Carbondale. 

Signal  Office, Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station, State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker, Williamsport. 

New  Era,  .     .  Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville, 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell, Smethport. 

J.  E.  Forsythe Butler. 


Displayman .  Station . 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co Clifton  Heights. 

Steward  M.  Dreher Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner, Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller, Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham, Catawissa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore, Chambersburg. 

Frank  M.  Morrow Altoona. 

A.  Simon's  Sons, Lock  Haven. 

E.  W.  McArthurs. Meadville. 

J.  K.  M.  McGovern, .  Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 
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Prof  S.  H.  Miller. 

Charles  Moore,  D.D.S. 

Lerch  &  Rice. 

G.  R.  Hanlcy. 

Frank  Mortimer. 

Luther  M.  Dcy,  Sgt.  Sig  Curp* 

C.  L.  Peck. 

E.  C   Wagner. 

J.  M    Boycr, 

W.  M.  Schroclc. 

E.  S.  Chase. 

A.  H.  Berlin. 
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John  Torrey. 
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PENNSYLVANIA  STATE  WEATHER  SERVICE. 


MONTHLY  WEATHER  REVIEW 

For  FEBRUARY,   1889. 


Prepared  under  the  Direction  of  the  Committee  on  Meteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute. 
Philadelphia,  February  28,  1889. 

temperature. 

The  mean  temperature  for  February,  obtained  from  the  daily  observa- 
tions of  forty-six  stations,  was  23°"o,  which  is  6°  below  the  normal. 

The  mean  daily  maximum  and  minimum,  3i°'3  and  i4°-8  respec- 
tively, give  a  monthly  mean  of  23°o. 

Uniontown  reports  an  average  daily  temperature  of  30^*0,  and  Eagles 
Mere  i2°'o,  which  are  the  two  extremes. 

The  highest  temperatures  reported  were  Indiana,  60° ;  Uniontown,  58° ; 
McConnellsburg  and  Phillipsburg  each  56°.  The  lowest  were  Coudersport, 
minus  27°;  Smethport,  minus  27°;  Columbus,  minus  26°;  Grampian  Hills, 
minus  21°;    Clarion,  minus  21°  ;  Emporium,  20',  and  Wellsboro,  minus  20°. 

The  low  temperature  occurred  on  the  24th. 

barometer. 

The  mean  pressure  for  the  month,  30' 14,  is  "05  above  the  normal.  The 
highest  pressure  occurred  during  the  cold  period  of  the  24th,  and  the  lowest 
on  the  5th  and  i8th.     Rain  and  snow  storms  attended  these  depressions. 

PRECIPITATION. 

The  amount  of  rain  and  melted  snow  for  the  month  averaged  1*96  inches, 
which  is  r25  inches  less  than  the  normal.  The  precipitation  was  evenly 
distributed  throughout  the  state,  and  at  quite  regular  intervals  during  the 
month.  Snows  were  numerous,  but  soon  melted  in  the  agricultural  districts. 
The  greatest  total  snow  falls  in  inches  for  the  month  were  Eagles  Mere,  28 ; 


Smethport,  20;  Phillipsburg,  18  ;  Wellsboro,  18;  Coudersport,    17,  and  Gram- 
pian Hills,  17.     No  heavy  drifts  occurred. 

WIND    AND   WEATHER. 

The  prevailing  wind  was  from  the  west.  No  severe  gales  occurred. 
Owing  to  the  rapid  melting  of  the  snows,  winter  grain  has  been  much  exposed, 
but  at  the  end  of  the  month  it  had  not  been  materially  injured.  The  ice 
harvest  was  abundant. 

Average  number. — Rainy  days,  9;  clear  days,  7;  fair  days,  9;  cloudy 
days,  12. 

MISCELLANEOUS    PHENOMENA. 

5«<?w.— Charlesville,  3d,  4th,  5th,  6th,  8th,  9th,  loth,  nth,  12th,  13th, 
14th,  i8th,  23d,  24th,  25th,  26th;  Reading,  2d,  3d,  4th,  25th,  27th;  HoUidays- 
burg,  2d,  3d,  5th,  6th,  7th,  8th,  nth,  i8th,  26th;  Wysox,  5th,  8th,  12th, 
17th,  26th,  27th;  Quakertown,  4th,  5th,  6th,  9th,  nth,  12th,  23d,  25th, 
27th,  28th;  Emporium,  ist,  5th,  8th,  9th,  nth,  i6th,  i8th,  27th;  Phillips- 
burg, ist,  2d,  3d,  4th,  5th,  6th,  7th,  loth,  nth,  12th,  13th,  14th,  15th,  20th, 
24th,  26th,  28th;  West  Chester,  5th,  6th,  nth,  23d,  24th,  25th,  27th;  Coates, 
ville,  nth,  12th,  25th,  27th;  Westtown,  5th,  nth,  25th,  28th;  Rimersburg, 
2d,  3d,  5th,  8th,  9th,  nth,  12th,  i8th,  22d,  25th,  26th;  Clarion,  2d,  3d,  5th, 
8th,  nth,  i2th,  i8th,  26th;  Grampian  Hills,  2d,  5th,  7th,  nth.  i6th,  i8th, 
26th  ;  Lock  Haven,  5th,  8th,  9th,  nth,  i6th,  18th,  26th,  27th  ;  Catawissa,  8th, 
i6th,  25th,  26th  ;  Meadville,  5th,  6th,  7th,  8th,  9th,  loth,  nth,  12th,  21st,  26th, 
27th;  Carlisle,  9th,  nth,  27th;  Swarthmore,  nth,  22d,  27th ;  Uniontown, 
4th,  nth,  I2th,  13th;  McConnellsburg,  8th,  9th,  loth;  Huntingdon,  nth, 
27th;  Indiana,  ist,  5th,  8th,  loth,  nth,  i8th;  Lancaster,  5th,  nth,  25th,  27th  ; 
New  Castle,  8th,  12th,  i8th,  23d,  26th;  Lebanon,  3d,  4th,  5th,  9th,  nth,  12th, 
25th,  27th  ;  Drifton,  8th,  i6th,  22d,  27th  ;  Smethport,  ist,  2d,  3d,  5th,  8th,  9th, 
loth,  nth,  I2th,  i6th,  17th,  i8th  ;  Greenville,  ist,  3d,  4th,  5th,  6th,  7th,  8th, 
9th,  loth,  nth,  i8th,  22d,  25th,  26th,  27th;  Pottstown,  nth,  12th,  27th; 
Bethlehem,  5th,  8th,  12th,  i6th,  i8th,  27th;  New  Bloomfield,  8th,  9th,  nth, 
27th  ;  Coudersport,  2d,  3d,  8th,  9th,  loth,  nth,  12th,  i8th,  27th;  Girardville, 
5th,  8th,  nth,  23d,  24th,  26th,  27th;  Selins  Grove,  8th,  nth,  26th,  27th; 
Somerset,  3d,  4th,  5th,  9th,  loth,  nth,  13th,  i8th,  22d,  25th,  26th,  27th  ;  Eagles 
Mere,  ist,  2d,  3d,  5th,  8th,  gth,  loth.  nth,  12th,  i8th,  22d,  26th,  27th,  28th; 
Wellsboro,  ist,  2d,  3d,  4th,  5th,  6th,  8th,  nth,  12th,  i6th,  17th,  i8th,  22d, 
26th,  27th;  Columbus,  1st,  2d,  5th,  6th,  7th,  8th,  loth,  nth,  12th,  13th,  i8th, 
22d,  26th,  27th  ;  Philadelphia, 

CoroncE. — Charlesville,  9th  ;  Hollidaysburg,  13th;  Catawissa,  13th;  Hun- 
tingdon, icth  ;  Lebanon,  6th,  7th,  9th,  loth,  12th,  13th,  14th,  15th  ;  Greenville, 
loth,  13th,  I4lh. 

Solar  Halos. — Charlesville,  21st;  West  Chester,  26th;  Girardville,  24th; 
Eagles  Mere,  13th,  24th,  26th. 

Lunar  Halos. — Charlesville,  7th,  loth,  13th,  14th;  Reading,  13th;  Holli- 
daysburg,  loth;  West  Chester,   loth  ;    Carlisle,  9th,   loth ;  Lancaster,    13th; 
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Lebanon,  13th;  Greenville,    loth,  14th;  Selins  Grove,  14th;  Somerset,  loth, 
14th;  Eagles  Mere,  13th. 

Parhelias. — Eagles  Mere,  15th,  24th,  25th. 

WEATHER   SIGNALS. 
Dis^laynian.  Station, 

U.  S.  Signal  Office Philadelphia. 

Wanamaker  &  Brown, " 

Pennsylvania  Railroad  Company, " 

Continental  Brewing  Company, " 

Samuel  Simpson,      .  , " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth, ■    .     .     .     .  AUentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son Emporium. 

C.  E.  Lenhart Latrobe. 

Thomas  F.  Sloan, McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith. Quakertown. 

J.  L.  Morrison, Sharon. 

Wm.  A.  Engel, Shenandoah. 

Wm.  Schrock, Somerset. 

Postmaster Meadville. 

Frank  Ross, Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station, State  College. 

Signal  Office, Pittsburgh. 

E.  H.  Baker Williamsport. 

New  Era Lancaster. 

State  Normal  School, Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College, Greenville. 

D.  G.   Hurley, Altoona. 

Armstrong  &  Brownell, Smethport. 

J.  E.  Forsythe, Butler. 
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Display  man.  Station. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co., Clifton  Heights. 

Steward  M.  Dreher, Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck, Coudersport. 

H.  D.  Miller, Drifton. 

Smith  Curtis, Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder, Pollock. 

Robt.  M.  Graham Catawrssa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorn, 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore, Chambersburg. 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons, Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern, Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 
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PENNSYLVANIA  STATE  WEATHER  SERVICE. 


MONTHLY  WEATHER  REVIEW 

For  march.  i88q. 


Prepared  under  the  Direction  of  the  Committee  on  Meteorology  of  the 
Franklin  Institute, 


Hall  of  the  Franklin  Institute. 

Philadelphia,  March  31,  1889. 

temperature. 

The  mean  temperature  for  March,  1889.  38°-9.  is  from  2°  to  3°  above  the 
normal,  and  7°'8  above  that  of  March,  1888. 

The  mean,  determined  from  the  daily  maxima  and  minima,  is  39°'o. 

The  following  stations  report  the  highest  average  daily  temperatures  :  New 
Castle,  45°"3 ;  Selins  Grove,  44^0;  Indiana,  43°"2,  and  Pottstown,  43°'o. 
The  highest  temperatures  noted  on  any  one  day  were  Columbus.  76°o  ;  Pitts- 
burgh. 70°'o.  and  Rimersburg,  7o°o.  The  lowest  were  Columbus.  4°o; 
Somerset,  9°'o ;  New  Castle,  9°'o,  and  Clarion,  9°o.  The  coldest  day  of  the 
month  was  on  the  30th,  but  the  low  temperatures  that  generally  occur  in 
March  were  not  reached.  The  entire  month  has  been  characterized  by 
mildness. 

barometer. 

The  mean  barometer.  29-95,  is  about  -07  below  the  average.  The  highest 
pressure  occurred  on  the  ist,  and  the  lowest  on  the  7th. 


PRECIPITATION. 

The  average  precipitation  (rain  and  melted  snow),  2*90  inches,  is  a 
deficiency  of  a  little  over  one-half  inch.  The  distribution  was  uneven.  The 
largest  totals  reported  for  the  month  were  West  Chester,  5*44  inches ; 
McConnellsburg,  476  inches;  Coatesville,  4-49  inches,  and  Ottsville,  4-42 
inches.     Several  stations  report  less  than  2  inches. 

The  greatest  total  snowfall  in  inches  were  Charlesville,  ii'So;  Eagles 
Mere,  9"6o ;  Girardville,  S'cxj,  and  Somerset,  7'8o. 

Very  few  stations  reported  snow  on  the  ground  at  the  end  of  the  month. 

WIND    AND   WEATHER. 

The  prevaiUng  wind  direction  was  from  the  northwest. 

The  weather  for  March  was  unusually  fine.  Notwithstanding  the  lack  of 
snow,  winter  grain  appears  to  have  been  injured  very  little.  Frosts  were 
numerous,  but  caused  little  damage. 

Average  number. — Rainy  days,  9;  clear  days,  10;  fair  days,  8;  cloudy 
days,  13. 

MISCELLANEOUS    PHENOMENA. 

Thunder  5/^rw^.— Charlesville,  31st ;  Quakertown,  27th  ;  Grampian  Hills, 
31st ;  Carlisle,  27th  ;  Erie,  31st ;  McConnellsburg,  27th,  31st ;  Huntingdon,  31st ; 
Lancaster,  27th ;  Pottstown,  27th;  New  Bloomfield,  31st;  Girardville,  27th ; 
Somerset,  31st.  , 

^w^w.— Charlesville,  3d,  4th,  5th,  6th,  7th,  8th,  9th,  loth,  21st;  Wysox, 
yth,  9th,  20th,  29th;  Emporium,  21st,  22d,  29th,  31st;  Phillipsburg,  3d,  loth, 
2ist,  22d;  West  Chester,  21st,  30th,  31st;  Coatesville,  loth,  21st,  28th,  30th, 
31st;  Rimersburg,  3d,  6th,  8th,  9th,  loth,  21st,  22d,  28th,  29th;  Grampian 
Hills,  2ist,  22d  ;  Lock  Haven,  21st,  31st ;  Catawissa,  29th,  31st ;  Carlisle,  31st ; 
Uniontown,  9th,  loth,  28th,  30th  ;  Lancaster,  8th,  20th,  21st,  30th,  31st;  New 
Castle,  loth,  19th;  Lebanon,  9th,  loth,  21st,  31st;  Pottstown,  29th,  31st; 
New  Bloomfield,  31st;  Philadelphia,  8th,  9th,  loth,  21st,  30th,  31st;  Girard- 
ville, 9th,  20th,  2ist,  29th,  31st ;  Selins  Grove,  8th,  9th,  loth,  21st,  29th,  31st; 
Somerset,  3d,  4th,  6th,  9th,  loth,  21st,  29th  ;  Eagles  Mere,  4th,  8th,  9th,  loth, 
29th,  31st;  Wellsboro,  21st,  29th,  31st;  Columbus,  7th,  8th,  9th,  28th,  29th, 
30th,  31st;  Dyberry,  20th,  21st,  31st. 

CoroncB. — Hollidaysburg,  3d,  7th,  8th,  9th,  19th,  21st,  29th;  Rimersburg, 
l6th;  Indiana,  14th  ;  Eagles  Mere,  13th;  Dyberry,  i6th. 

Solar  Halos. — Eagles  Mere,  ist,  15th,  i8th,  27th;  Dyberry,  15th. 

Lunar  Halos. — Hollidaysburg,  15th;  Quakertown,  14th;  Rimersburg, 
14th,  15th;  Clarion,  14th,  15th;  Grampian  Hills,  14th;  Erie,  8th,  15th; 
McConnellsburg,  14th;  Lancaster,  14th;  Philadelphia,  loth,  14th;  Girard- 
ville, 14th,  15th;  Somerset,  14th,  15th;  Eagles  Mere,  15th;  Dyberry.  14th. 

Parhelia. — Dyberry,  19th. 

Eartliquake. — Coatesville, 8th;  Lancaster,  8th;  Selins  Grove,  8th;  York,  8th. 


WEATHER   SIGNALS. 
Displayman.  Station. 

U.  S.  Signal  Office, Philadelphia. 

Wanamaker  &  Brown, " 

Pennsylvania  Railroad  Company " 

Continental  Brewing  Company, " 

Samuel  Simpson, " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

Chester  Oil  Company, Chester. 

C.  W.  Burkhart, Shoemakerville. 

A.  N.  Lindenmuth, Allentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son, Emporium. 

C.  E.  Lenhart, Latrobe. 

Thomas  F.  Sloan, McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz, New  Castle. 

S.  W.  Morrison, Oxford. 

Capt.  A.  Goldsmith, Quakertown. 

J.  L.  Morrison Sharon. 

Wm.  A.  Engel,     .     '. Shenandoah. 

Wm.  Schrock, Somerset. 

Postmaster,      .     .     .    • Meadville. 

Frank  Ross, Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station, State  College. 

Signal  Office, Pittsburgh. 

E.  H.  Baker Williamsport. 

New  Era, Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College, Greenville. 

D.  G.   Hurley, Altoona. 

Armstrong  &  Brownell Smethport. 

J.  E.  Forsythe, Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage, Germantown. 

W.  J.  Thompson  &  Co Clifton  Heights. 

Steward  M.  Dreher, Stroudsburg. 
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Displayman.  Station. 

State  Normal  School, Millersville. 

E.  C.  Wagner, Girardville. 

Hartford  P.  Brown, Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck, Coudersport. 

H.  D.  Miller, Drifton. 

Smith  Curtis, Beaver. 

M.  Tannehill, Confluence. 

S.  C.  Burkholder, Pollock. 

Robt.  M.  Graham, Catawissa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman, Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore Chambersburg. 

Frank  M.  Morrow Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs. Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 
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MoNTHLV  Summary  of  Reports 

BY  Voluntary  Observers  of  the  Pennsylvania  State  Weather  Service  for  March,  1889. 
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PENNSYLVANIA  STATE  WEATHER  SERVICE. 


MONTHLY  WEATHER   REVIEW 

For  APRIL,  1889. 


Prepared  under  the  Direction  of  the  Cotnmittee  on  Meteorology  of  the'' 
Franklin  Institute. 


Hall  of  the  Franklin  Institute 
Philadelphia,  April  30,  i 

temperature. 

The  average  temperature  of  the  state  for  April,  1889,  was  48°7,  which  is 
2°  2  above  that  of  April,  1888,  46°*5,  which  is  about  normal.  Determined 
from  the  mean  of  the  daily  maximum  and  minimum  temperature,  it  was 
49°7,  which  is  one  degree  higher. 

The  warmest  period  of  the  month  was  during  the  19th  and  20th,  when  the 
following  temperatures  were  noted :  Carlisle,  88°  ;  Hollidaysburg,  84° ; 
Emporium,  84°;  Grampian  Hills,  84°;  Uniontown,  84°,  and  New  Castle, 
84°.  The  lowest  temperatures  were  Charlesville,  14° ;  Somerset,  14°,  and 
Uniontown,  17°.     These  occurred  on  the  7th. 

Stations  reporting  the  highest  monthly  means  for  the  state  during  April 
were  Selins  Grove,  52°'8;  Swarthmore,  52°"4;  Bethlehem,  52°-4;  and  Car- 
lisle, 52°-3.  The  lowest  were  Eagles  Mere,  42°-3  ;  Greenville,  44°"i  ;  Wells- 
boro,  44°'2;  Erie,  45°'o;  Somerset,  45°2,  and  Honesdale,  45°'2. 

BAROMETER. 

The  mean  barometric  pressure,  29*99,  is  very  nearly  normal.  The  highest 
occurred  on  the  7th  and  23d,  and  the  lowest,  29-3,  on  the  27th.  The  latter 
was  attended  by  heavy  rains. 

precipitation. 

The  precipitation  averaged  4-50  inches,  with  a  decided  irregularity  in  its 
distribution.  The  greatest  totals  in  inches  were  Wellsboro,  8"i5  ;  Girard- 
ville,  7'23,  and  Coatesville,  7"o8.     Most  of  the  precipitation  for  the  month 


occurred  from  the  24th  to  the  29th,  inclusive.  Only  a  few  stations  report 
snow  in  measurable  quantities.  The  following  are  notable  exceptions : 
Charlesville,  5"2o  inches;  Rimersburg,  9  inches  ;  Grampian  Hills,  5  inches ; 
McConnellsburg,  12  inches;  Somerset,  i2'5o  inches,  and  Columbus,  6 
inches.     These  amounts  fell  on  the  6th. 

WIND    AND   WEATHER. 

The  prevailing  direction  of  wind  was  from  the  west.  No  violent  wind  storm 
of  a  general  character  passed  over  the  state.  The  latter  part  of  the  month 
was  characterized  by  heavy  rain  storms.  Numerous  frosts  occurred  without 
seriously  damaging  vegetation. 

At  the  end  of  the  month,  grain,  grass,  fruits  and  foliage,  were  more 
advanced  than  usual  at  this  season.  Notwithstanding  the  absence  of  snow 
during  the  winter  months,  grain  was  not  materially  injured  by  freezing  out. 

Az^erage  number. — Rainy  days,  1 1  ;  clear  days,  1 1  ;  fair  days,  8  ;  cloudy 
days,  1 1. 

MISCELLANEOUS    PHENOMEN.\. 

T/nmder  Storms.— Ch.s.vl&'ivWXe.,  20th;  Reading,  12th,  20th;  HoUidays- 
burg,  I2tb,  24th;  Quakertown,  12th,  20th;  Emporium,  12th,  24th;  State 
College,  nth,  12th,  24th;  Phillipsburg,  nth,  12th,  20th,  24th  ;  West  Chester, 
20th,  28th;  Coatesville,  2d,  20th,  28th;  Rimersburg,  12th,  24th  ;  Grampian 
Hills,  1 2th,  20th,  24th  ;  Lock  Haven,  12th,  24th;  Catawissa,  12th;  Carlisle, 
13th,  20th;  Harrisburg,  12th,  20th;  Swarthmore,  12th,  20th,  28th;  Union- 
town,  i2th,  24th;  McConnellsburg,  12th;  Huntingdon,  3d,  12th;  Lancaster, 
I2th,  2-th;  New  Castle,  12th;  Bethlehem,  12th,  20th;  New  Bloomfield,  12th, 
27th;  Philadelphia,  12th,  20th;  Girardville,  20th  ;  Selins  Grove,  12th;  Somer- 
set, i2th,  24th;  Eagles  Mere,  12th.  20th;  Columbus,  19th,  24th;  Dyberry, 
1 2th,  20th  ;   York,  20th. 

5«^<:<7.— Charlesville,  6th  ;  HoUidaysburg,  6th ;  Emporium,  6th;  Phillips- 
burg,  3d,  6th  ;  Rimersburg,  6th  ;  Grampian  Hills,  6th  ;  Uniontown,  6th  ; 
McConnellsburg,  6th;  New  Castle,  5th;  Gree;fiville,  5th;  Selins  Grove,  5th; 
Somerset,  6th  ;  Columbus,  6th  ;  Dyberry,  4th  ;  York,  6th. 

iv-^,7._Charlesville,  7th,  8th,  9th,  14th,  23d;  Reading,  5th,  14th;  HoUi- 
daysburg, 7th,  8th,  17th,  22d,  23d;  Wysox,  ist,  2d.  3d.  5lh,  6th,  7th,  8th, 
9th,  nth,  13th,  14th,  15th,  i6th,  17th,  i8th,  22d,  23d;  Quakertown,  5th,  nth, 
14th,  15th,  23d;  Emporium,  5th,  7th,  9th,  nth,  15th,  i6th,  17th,  22d  ;  Phillips- 
burg,  7th,  8th,  9th,  loth,  15th,  i6th,  17th;  Coatesville,  23d;  Rimersburg,  5th, 
loth,  22d;  Grampian  Hills,  22d,  23d ;  Lock  Haven,  22d  ;  Catawissa.  7th.  8th, 
9th,  loth,  nth.  I4lh.  15th,  i6th;  Erie,  7th,  8th,  loth.  14th.  15th;  Uniontown, 
9th,  loth,  14th;  McConnellsburg,  nth,  22d  ;  Huntingdon,  7th,  8th,  9th,  nth, 
14th,  i6th,  22d,  23d;  New  Castle,  6th,  7th,  14th,  23d;  Greenville,  22d,  23d; 
New  Bloomfield,  23d;  Philadelphia.  .15th.  23d;  Selins  Grove,  7th,  8th,  9th, 
loth,  nth,  14th.  15th,  i6th,  22d,  23d;  Somerset,  22d,  23d;  Wellsboro,  14th; 
Columbus,  1st,  2d,  4th.  5th,  6th.  7th,  8th.  loth,  nth,  13th,  14th,  15th,  i6th, 
17th,  2ist,  22d,  23d  ;  Dyberry,  2d,  3d,  4th,  5th,  6th,  7th,  8th,  9th,  loth,  nth, 
13th,  14th,  15th,  16th,  17th,  22d,  23d;  York,  5th,  nth,  15th,  23d. 


Corona. — Huntingdon,  14th,  19th. 

Solar  Halos. — Charlesville,  9th,  nth,  15th,  19th,  30th  ;  Eagles  Mere,  nth, 

22d. 

Lunar  Halos. — Charlesville,  9th,   14th;  West  Chester,  9th;  Rimersburg, 
14th  ;  Greenville,  14th. 

Parhelia. — Charlesville,  19th;  Dyberry,  6th  ;  Eagles  Mere,  loth. 
Auroras. — Rimersburg,  7th;  Greenville,  9th;  Eagles  Mere,  7th. 


Observers  are  particularly  requested  to  measure  and  record  the  rainfall  each 
■day,  instead  of  giving  the  total  for  each  storm.  Each  day's  record  should  be 
made  complete.  Also  to  forward  their  monthly  reports  not  later  than  the  5th,  so 
that  the  Review  can  be  published  at  an  earlier  date.  Original  entries  should 
be  made  in  the  book  (Form  i)  furnished  by  the  service,  and  not  on  loose 
slips  of  paper.  This  will  avoid  errors  in  transcribing.  Those  not  furnished 
with  addressed  envelopes  should  address  all  communications  to  the  Penn- 
sylvania State  Weather  Service,  Philadelphia,  Pa. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  April,  1889: 

Weather,  82  per  cent. 
Temperature,  86  per  cent. 

TEMPERATURE   AND   WEATHER   SIGNAL    DISPLAY   STATIONS. 
Display  man.  Station. 

U.  S.  Signal  Office Philadelphia. 

Wanamaker  &  Brown, " 

Pennsylvania  Railroad  Company, " 

Continental  Brewing  Company " 

Samuel  Simpson " 

B.  T.  Babbitt 

Western  Meat  Company " 

Neptune  Laundry " 

•Chester  Oil  Company, Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth, Allentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss West  Chester. 

•  Werner  &  Son Emporium. 

C.  E.  Lenhart,      .     .     .  • Latrobe. 

Thomas  F.  Sloan McConnellsburg. 

J.  H.  Fulmer Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith Quakertown. 

J.  L.  Morrison, Sharon. 

Wm.  A.  Engei Shenandoah. 

Wm.  Schrock Somerset. 


Display  man.  Station. 

Postmaster, Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker, Williamsport. 

New  Era,  .     .  Lancaster. 

State  Normal  School, Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College :     •     •  Greenville. 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell, Smethport. 

J.  E.  Forsythe Butler. 

James  H.  Fones Tionesta. 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co Clifton  Heights.. 

Steward  M.  Dreher, Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown, Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague Carlisle,. 

C.  L.  Peck, Coudersport.. 

H.  D.  Miller Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill, Confluence. 

S.  C.  Burkholder, Pollock. 

Robt.  M.  Graham CatawJssa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman '  Langhorn. 

N.E.Graham, • East  Brady. 

B.  F.  Gilmore, Chambersburg. 

Frank  M.  Morrow Altoona. 

A.  Simon's  Sons Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern, Lock  No.  4. 

Raftsman's  Journal, Clearfield. 

W.  S.  Ravenscroft Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 
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PENNSYLVANIA  STATE  WEATHER  SERVICE. 


MONTHLY  WEATHER  REVIEW 

For  may.  i88q. 


Prepared  under  the  Direction  of  the   Cotiunittee  on  Meteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute. 

Philadelphia,  May  31,  1889. 

temperature. 

The  mean  temperature  for  May,  1889,  was  62°'o,  which  is  one  degree 
above  the  average. 

The  warmest  period  of  the  month  occurred  on  the  9th,  and  the  coldest  on 
the  2d,  4th  and  29th.  Frosts  were  general  throughout  the  state  on  these 
dates. 

The  highest  temperatures  reported  were  Carlisle,  96°  ;  Hollidaysburg,  94°  ; 
Reading,  94°;  Coatesville,  94°,  and  York,  94°.  The  lowest  temperatures 
were  Emporium,  25° ;  New  Castle,  26° ;   Columbus,  26°,  and  Dyberry,  26°. 

The  highest  mean  monthly  temperatures  were  Indiana,  68°*3 ;  Annville, 
66°'5,  and  Emporium,  64°"5.  The  lowest  were  Wellsboro,  55°' i  ;  Columbus, 
56°o,  and  Dyberry,  56°'3. 

From  January  ist  to  May  31st,  the  temperature  excess  was  404°  at  Phila- 
delphia, 231°  at  Pittsburgh,  and  56°  at  Erie. 

barometer. 

The  mean  atmospheric  pressure  was  29'97,  which  is  normal.  The  range 
between  the  extremes  was  about  seven-tenths. 

The  highest  noted  was  on  the  i8th,  and  the  lowest  during  the  nth. 
Neither  were  attended  by  any  unusual  atmospheric  conditions. 

The  minor  depression  of  the  31st,  accompanied  the  heavy  rainfall  on  that 
date. 

precipitation. 

The  average  rainfall  over  the  state  during  the  month  was  5'9i  inches, 
which  is  an  excess  of  over  two  inches.  Had  it  not  been  for  the  phenomenal 
rainfall  of  the  31st,  there  would  have  been  a  deficiency  in  the  western  and 
middle  portions  of  the  state.  The  largest  totals  in  inches  for  the  month 
were  McConnellsburg,  I2"4i  ;  Grampian  Hills,  ii'6o;  Charlesville,  wo-]  \ 
Harrisburg,  9*51  ;  Smethport,  9'2i,  and  Selins  Grove,  9*20.  The  excessive 
and  unprecedented  rainfall  of  the  31st,  which  caused  disastrous  floods,  was  at 


Grampian  Hills,  8*37  inches;  McConnellsburg,  yoS  inches;  Charlesville, 
671  inches;  Selins  Grove,  6  inches;  Emporium,  5*85  inches;  Smethport, 
5"5o  inches;  Hollidaysburg,  5'i2  inches,  and  Harrisburg,  4"66  inches.  In 
the  southeastern  portion  of  the  state  the  fall  was  very  light  on  this  date, 
many  stations  reporting  less  than  one-tenth  of  an  inch. 

From  the  ist  to  the  loth  there  was  a  general  absence  of  rain.  From  this 
time  to  the  end  of  the  month  rains  occurred  almost  daily  at  some  stations. 

WIND    AND   WEATHER. 

The  prevailing  direction  of  wind  was  from  the  west,  and  the  month  may  be 
characterized  as  warm  and  moist.  Frosts  were  general  from  the  ist  to  the 
4th,  inclusive,  and  on  the  2gth,  all  of  which  considerably  impaired  growing 
crops  and  fruits. 

The  first  thunder  storm  of  the  month  occurred  on  the  afternoon  of  the 
loth,  and  was  general  throughout  the  state.  The  lightning  and  wind  caused 
heavy  damages  in  several  places.  In  some  sections  hail-stones  of  large  size 
fell  in  quite  large  quantities.  The  storm  was  from  the  northwest,  and  its 
approach  was  heralded  by  great  banks  of  ominous  looking  clouds,  which 
were  violently  agitated.  At  most  stations  the  wind  was  of  terrific  force,  and 
carried  with  it  blinding  and  stifling  clouds  of  dust,  which  fairly  darkened  the 
atmosphere.  At  Philadelphia  a  velocity  of  seventy-two  miles  was  registered. 
Fortunately  the  great  force  was  of  short  duration.  With  the  bursting  of  the 
storm  the  temperature  fell  from  ten  to  twenty  degrees.  At  Philadelphia  the 
self-registering  barometer  fell  rapidly  from  8  A.  M.  From  1.30  P.  M.  to 
4  P.  M.  the  fall  was  more  decided.  After  the  storm  burst  at  5  P.  M.  it  rose 
one-tenth  instantaneously.  As  a  dust  storm  it  was  phenomenal  in  magnitude 
and  intensity. 

On  the  31st,  the  central  portion  of  the  state  was  visited  by  one  of  the 
greatest  rainfalls  and  floods  ever  known  in  this  country  for  magnitude  and 
destructiveness.  Large  sections  were  flooded,  whole  towns  and  cities  were 
swept  away,  thousands  of  people  drowned,  and  miUions  of  dollars  in  prop- 
erty destroyed.  It  is  estimated  that  from  six  to  eight  inches  of  rain  fell  in 
twenty-four  hours  over  a  large  area  of  the  central  part  of  the  state. 

Extracts  from  the  reports  of  observers.  May  31st: 

Grampian  Hills. — From  11.40  P.M.  30th  to  11.20  P.M.  of  31st,  8*37 
inches  of  rain  fell.  Six  inches  of  rain  fell  in  seven  hours.  Most  destruc- 
tive flood  in  Anderson's  Creek  on  record.     Wind  east. 

Mc Connellsbicrg. — Easterly  winds.  5'45  inches  of  rain  from  4  P.M.  30th 
to  4  P.M.  31st.  Rain  ceased  midnight  of  31st ;  8'3i  inches  in  thirty-two  hours. 
Disastrous  floods. 

Charlesville. — South,  southeast,  and  southwest  winds.  Heaviest  rains  in 
years ;  671  inches  from  9  P.M.  30th  to  9  P.M.  31st.  Storm  began  3.15  P.M. 
30th. 

Selins  Grove. — Southeast  winds.  Rain  began  2.20  P.M.  30th  ;  six  inches 
of  rain  on  31st.     Thunder  in  east  at  3  P.M. 

Harrisburg. — On  the  31st  and  night  of  ist,  eight  inches  of  rainfall  in 
eighteen  hours. 
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Total 


Empornun.-^..r.  began  9  P-M-  30th,  ended  -"^  ^-^^^jst.  Tota^ 
rainfall  5-85  inches.  Water  twelve  feet  above  low-water  mark,  and  from 
two  to  three  feet  higher  than  flood  of  1861.  ,>,    ,^    „  P  M    ^ist 

5;«.//./.rA-Southeast  winds.     Rain  from  11  P.M.  30th   to    n  P.M.  31st. 

Total  rainfall,  5-50  inches.  •,      k     f    ,  P  AT     then  veered 

Hollidaysburg.-^^ro^Z  southerly  wmds  unUl   ^^^^  ^  ^f  ^' ^^^f^Hy 
a    little    easterly  and  gradually   subsiding.      Measurement     °f  -^^f  .^^ 
rain  eau-e   May  30th,  from  4  P.M.  to  9  P-M-  -39  inches  ;  to  7  A.M.  31st,  2  I 
"hes    to  I 'm    3-49  inches  ;  to  5.30  P.M.  4-23  -ches;  to  7  P.M.  4-97  -ches; 
to9PM.°  5-5.  inches;  to  7    A.M.  June   ist.  6-io  inches.     Strong  northwest 

^^l:l^:S-The  flood  of  history  in  the  Juniata  Valley.  Water  higher 
than^^Sefore  known  ;  ,,.  inches  of  rain  fell  from  7  A-M  ^.st  to  3  A3L 
June  ist ;  6-57  inches  from  4  P-M.  30th  to  2  A.M.  June  1st.     Wmds  east  and 

'"Fr.T-High  winds   from   southwest;    3-19   inches   of    rain    from   early 
morn  of  \ist  to  early  morn  of  June  ist.     Crops  badly  damaged^ 
"^^r.l^.-Rain  gluge  overflowed.     Growing  grain  -J-^d.     Heavy  wash- 
outs and  bridges  washed  away.     Water  higher  than  ever  known.     Southeast 

"'"aV^  ^W>/^.-Terrible  rain,  with  thunder.    East  winds.  Ramfall.  3-82 

"''^'««.///..-A   continued  succession  of   cloud   bursts.     Strong   southeast 

winds.     Occasional  thunder.  ,     ...      Tinner  clouds 

Ouakertown.-K  peculiar  storm.    Strong  southeast  wmds      Upper  clouds 

neari  stationary.     Dark  and  threatening  lower  clouds,  movmg  rap.dly  from 

cniith      Verv  little  rain.  .  .    ^  ,  . 

C.  J;j../.-Rain  began  5    P-M.  30th.    ended   -^^^^  °  J^^;  ; 

Total  rainffll.  5-40  inches  ;  highest  water  ever  known  m  this  section.     Great 

damage  done  in  Potter  County.     Wmd  south. 

MISCELLANEOUS   PHENOMENA. 

7y.««^.r  5/.m..-Charlesville.  loth.  14th.  20th;  Reading.  loth.  14th  ; 
HolS:  sturg.  loth.  24th.  27th;  Wysox.  14th.  3xst;  Falls  of  Neshammy. 
14th  2ist;  Quakertown.  loth.  14th.  21st;  Empormm.  loth.  4*  ,  PhUi  p 
burg  loth  West  Chester.  loth.  14th.  21st;  Coatesville.  loth.  Uth^^^.^ 
ClSon  lo'th  •  Grampian  HUls.  loth.  27th  ;  Carlisle.  loth.  13th.  15th  ;  Harns- 
r ^t^.  i.h.  21^    -ontown^^h^  3...  ^-^--rg.  13th. 

,1  t    Wellsb^ro.  loth.  21st ;  Columbus.  loth.  i6th.  19th.  27th  ;  Dyberry.  loth. 
14th;  20th.  2ist  ;   York.  loth.  I2th.  2ist.  31st;    Marshall's  Creek.  loth.  14th. 

'°''';/^'^/-Homdaysburg.    loth  ;    Quakertown.  loth  ;    Grampian  Hills.  loth. 
27th     Uniontown.  loth  -'Lancaster.  21st;  Myerstown.  14th  ;  Greenvdle.  loth. 


27th;  New    Bloomfield,    21st;    Selins   Grove,    loth,    21st;    Somerset,    27th 
Dyberry,  loth  ;  Honesdale,   loth  ;  York,  21st. 

Frost. — Charlesville,  2d,  4th;  Readyig,  3d;  HoUidaysburg,  ist,  2d,  4th 
Wysox,  4th,  29th  ;  Falls  of  Neshaminy,  3d,  4th,  5th,  6th ;  Ouakertown,  2d 
3d,  4th,  23d,  24th,  29th  ;  Emporium,  ist,  4th,  5th,  29th;  Phillipsburg.  ist 
24th,  29th  ;  West  Chester,  2d  ;  Coatesville,  2d,  3d  ;  Grampian  Hills,  ist,  2d 
29th  ;  Carlisle,  2d,  4th  ;  Uniontown,  4th  ;  McConnellsburg,  2d,  3d,  4th,  5th 
Huntingdon,  2d,  29th  ;  New  Castle,  ist,  2d,  29th;  Myerstown,  2d,  3d,  4th 
Greenville,  ist,  2d,  29th  ;  Bethlehem,  4th  ;  New  Bloomfield,  2d,  4th  ;  Girard 
ville,  29th;  Selins  Grove,  ist,  2d,  3d,  4th,  5th,  28th,  29th  ;  Somerset,  ist,  4th 
Wellsboro,  ist,  2d,  3d,  4th,  5th,  6th,  9th,  29th  ;  Columbus,  ist,  2d,  4th,  5th 
29th  ;  Dyberry,  2d,  4th,  5th,  29th  ;  Honesdale,  ist,  2d,  3d,  4th,  5th,  29th 
York  24th  ;  Marshall's  Creek,  ist,  4th,  29th. 

Coronce. — Reading,  loth,  14th;  Myerstown,  loth. 

Solar  Halos. — Charlesville,   ist,  2d,  6th,   7th,   i6th,  24th;    Wysox,    loth; 
Wellsboro,  6th  ;  Dyberry,  ist,  13th,  29th, 

Lunar  Halos. — Reading,  loth  ;  Coatesville,  loth  ;    Grampian  Hills,  6th  ; 
Lancaster,  loth  ;  Somerset,  iith. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  May,  1889: 

Weather,  83  per  cent. 
Temperature,  87  per  cent. 

TEMPERATURE   AND   WEATHER    SIGNAL   DISPLAY   STATIONS. 
Displayman.  '  Station. 

U.  S.  Signal  Office, Philadelphia. 

Wanamaker  &  Brown, 

Pennsylvania  Railroad  Company, 

Continental  Brewing  Company, 

Samuel  Simpson, 

B.  T.  Babbitt, 

Western  Meat  Company 

Neptune  Laundry 

Chester  Oil  Company, Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth, Allentown. 

C.  B.  Whitehead, Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son, Emporium. 

C.  E.  Lenhart, Latrobe. 

Thomas  F.Sloan, McConnellsburg. 

J.  H.  Fulmer, Muncy. 

W.  T.  Butz, New  Castle. 

S.  W.  Morrison Oxford. 

Capt.  A.  Goldsmith. Quakertown. 

J,  L.  Morrison Sharon. 

\Vm.  A.  Engel, Shenandoah. 
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Display  man ,  Station . 

Wm.  Schrock Somerset. 

Postmaster, Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken Carbondale. 

Signal  Office, Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker, Williamsport. 

AVw  Era,  .     .  Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell, Smethport. 

J.  E.  Forsythe Butler. 

James  H.  Fones, Tionesta. 

Wister,  Hacker  &  Savage Germantovvn. 

W.  J.  Thompson  &  Co Clifton  Heights. 

Steward  M.  Dreher Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague, Carlisle. 

C.  L.  Peck, Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis, Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham, Catawissa. 

Henry  F.  Bitner, Millersville. 

A.  J.  Edelman Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore Chambersburg. 

Frank  M.  Morrow Altoona. 

A.  Simon's  Sons, ^     .  Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern Lock  No.  4. 

Raftsman  s  Journal, Clearfield. 

W.  S.  Ravenscroft,  .  Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 
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Prbvaiuhg  Dirbction. 


T.  U.  Lloyd 

Prof.  Wm.  Frear. 

Geo.  H.  Dunkle. 

Icsse  C.  Green,  D.D.S. 

W.  r.  Gordon. 

Rev.  W.  W.  Dealrick,  A.M. 

C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Robb. 
Robert  M.  Graham. 

R.  B,  [Jerickson. 

r.  E.  Vnsvt, 

Frank  Ridgwny,  Sgt.  Sig.  Corps. 

r.Sus! 
.  -.:r  Wo 

Wm 

Thomas  F.  Sloan. 

Prof.  W.  J.  Swigarl. 

Prof.  Albert  E  Mallby. 

A.  M.Schmidt,  A. B. 
Wm.  T.  Bull. 
Wm.  H.  Kline. 

Geo.  W.  Bowman,  A..M..  Ph 


C.  L  Peck 
E.  C  W. 
I.  M  Ho 
W.  M.  S( 
E.  S.  Ch 
H.  D.  Dcmini 
Wm.  Uvelani 


Mrs.  L.  H.  Grcnewald. 


s  taken  .at  6  A.  M.  and  8  P.  M.        s  Observations  taken  a 


T.  F.  TtjWNSKND,  Serj^eant  Signal  Corps,  Assistant. 
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MONTHLY  WEATHER  REVIEW 

For  JUNE,  1889. 


Prepared  under  the  Direction  of  the  Committee  on  Meteorology  of  the 
Franklin  Institute. 


Hall  of  the  Franklin  Institute. 

Philadelphia,  June  30,  1889. 
temperature. 

The  mean  temperature  for  the  month  of  June,  1889,  was  66°-5,  which  is 
from  two  to  three  degrees  below  the  average,  and  two  degrees  below  the  cor- 
responding month  of  last  year. 

The  means  of  the  daily  maxima  and  minima  were  76°'4  and  57°o, 
respectively. 

Neither  extreme  high  nor  low  temperatures  were  noted  during  the  month. 

The  warmest  period  at  most  stations  was  on  the  21st,  and  the  coldest  on 
the  2d,  7th  and  24th.  Frost  occurred  in  some  of  the  northern  border  counties 
on  these  dates. 

The  highest  recorded  temperatures  were  :  Reading,  95°  ;  Carlisle,  93°  ; 
Pottstown,  91°  and  York,  91°. 

The  lowest  were  Dyberry,  33°;  Honesdale,  35°.  and  State  College,  37°. 

BAROMETER. 

The  mean  pressure  was  006  above  the  normal.  The  greatest  pressure  was 
on  the  24th,  and  the  least  on  the  5th.     The  extreme  range  was  about  075. 


PRECIPITATION. 

The  average  rainfall  for  June,  1889,  was  5*43  inches,  which  is  an  excess  of 
r63  inches. 

The  entire  month  was  characterized  by  frequent  and  heavy  rainfalls.  The 
great  and  destructive  rain-storm  of  the  30th  and  31st  of  May  continued  to  the 
morning  of  June  ist  over  a  great  extent  of  country.  On  the  last-named  date, 
over  twenty  stations  report  a  fall  of  from  one  to  three  inches,  making  a  total 
in  inches  for  the  three  days'  storm,  as  follows  :  '  Wellsboro.g'So  ;  McConnells- 
burg,  8-99;  Grampian  Hills,  8"6o;  Harrisburg,  778;  Selins  Grove,  7*53; 
Charlesville,  7"5o;  Huntingdon,  6'57  ;  Coudersport,  6-33  ;  Phillipsburg,  6-09; 
Smethport,  6"oo;New  Bloomfield,  6"  14;  Emporium,  5*97  ;  Hollidaysburg,  5*80  ; 
Eagles  Mere,  5-53  ;  Altoona,  5-33  ;  Girardville,  4*59 ;  Somerset,  4-43  ;  Myers- 
town,  3-37. 

For  the  month  of  June,  i  station  had  rain  on  21  days,  4  stations  on  20 
days,  I  station  on  19  days,  and  3  stations  on  18  days.  The  average  for  the 
sate  was  1 5  days. 

The  following  stations  report  the  greatest  total  in  inches  :  VVellsboro, 
10-04;  Myerstown,  8-66;  Reading,  8-21  ;  Girardville,  8*oi  ;  Scisholtzville, 
7"9i  ;  Ottsville,  7'58;  Smith's  Corner,  7*54  ;  Uniontown,  7'36  ;  Ouakertown, 
7*3i,  and  Harrisburg,  7'i8. 

The  excessive  rainfall,  and  the  unusual  number  of  rainy  days,  marks  the 
month  as  exceptionally  wet.  With  the  exception  of  the  2d,  23d  and  24th, 
rain  fell  on  every  day  in  some  part  of  the  state. 

WIND    AND   WEATHER. 

The  prevailing  winds  were  from  the  west  and  southwest,  with  no  severe 
and  general  gales.  A  few  frosts  were  reported,  but  no  damage  of  any 
amount  resulted  from  them.  The  month  was  excellent  for  the  growth  of  all 
vegetation,  and  large  crops  were  secured  where  harvesting  was  not  interfered 
with  by  the  excessive  wet. 

In  some  sections  the  damage  to  the  hay  crop  was  very  great. 

Average  number. — Rainy  days,  15;  clear  days,  5;  fair  days,  12;  cloudy 
days,  13. 

.MISCELLANEOUS    PHENOMENA. 

Thunder-storms.— Oi\2>.x\^?,\\\\&,  4th,  nth.  14th,  i6th,  21st,  28th;  Reading, 
4th,  5th,  9th,  nth,  15th,  17th,  2 1  St,  29th,  30th  ;  Hollidaysburg,  14th,  21st  ; 
Ouakertown,  9th,  nth,  15th,  17th,  21st,  29th;  Emporium,  21st,  30th;  State 
College,  4th,  21  st,  28th  ;  PhiUipsburg,  15th,  21st;  West  Chester,  5th,  loth, 
15th,  I7tli,  2ist;  Coatesville,  5th,  loth,  15th,  17th,  21st,  30th;  Rimersburg, 
14th,  19th,  2ist,  27th,  30th;  Carlisle,  9th;  Harrisburg,  17th;  Swarthmore, 
5th,  loth,  nth,  14th,  15th,  2ist,  30th;  Uniontown,  I4ih;  Huntingdon,  4th, 
nth,  15th,  17th,  28th;  Indiana,  nth;  New  Castle,  4th,  17th,  27th;  Myers- 
town,  5th,  9th,  nth,  15th,  17th,  2ist;  Smethport,  21st;  Greenville,  17th,  30th: 
Pottstown,  4th,  15th  ;  New  Bloomfield,  4th,  9th,  15th,  21st  ;  Philadelphia,  4th, 


nth,   15th  ;    Coudersport,  21st,  28th  ;   Girardville,  4th,  9th,  28th.  29th  ;  Selins 
Grove,  4th,  9th,  loth,  15th,  21st,  29th;  Somerset,  4th,  i6th,  19th;  Wellsboro, 
15th,  2ist,  28th;  Columbus,   15th,   i6th,   17th,  20th,  21st ;  Dy berry,  9th,  nth, 
15th,  i6th,  2ist,  29th;    York,  nth,  17th,  21st. 
^az7.— Dyberry,  15th. 

i^r<75-/'.— Phillipsburg,    24th;  Wellsboro,  23d,  24th  ;  Dyberry,  7th;  Hones- 
dale,  7th. 

Coroner.— ChRrlesviUe,  4th,    nth,   12th;  Reading,    15th,    17th;  Somerset, 
8th,  9th. 

So/ar  //a/os.—Charlesv'iWe,  21st,   24th,  29th;   Reading,  4th,    15th;  Potts- 
town,  4th  ;  Wellsboro,  19th  ;  Dyberry,  3d,  19th,  25th. 

Lunar  7%/^^.— Charlesville,  loth  ;    Rimersburg,  9th  ;  Carlisle,  9th,  loth  ; 
Indiana,  8th;  Wellsboro,  20th. 

Atiroras.— Greenville,  20th  ;  Girardville,  23d  ;  Selins  Grove,  23d. 

WEATHER  FORECASTS. 

Percentage  of  local  verifications  of  weather  and  temperature  signals  as 
reported  by  displaymen  for  June,  1889  : 

Weather,  76  per  cent. 
Temperature,  88  per  cent. 

TEMPERATURE   AND   WEATHER   SIGNAL    DISPLAY   STATIONS. 
DUplayman.  Station. 

U.  S.  Signal  Office, Philadelphia. 

Wanamaker  &  Brown, 

Pennsylvania  Railroad  Company 

Continental  Brewing  Company, 

Samuel  Simpson, 

B.  T.  Babbitt 

Western  Meat  Company 

Neptune  Laundry 

Chester  Oil  Company, Chester. 

C.  W.  Burkhart Shoemakerville. 

A.  N.  Lindenmuth, Allentown. 

C.  B.  Whitehead Bradford. 

Capt.  Geo.  R.  Guss, West  Chester. 

Werner  &  Son Emporium. 

.     C.  E.  Lenhart Latrobe. 

Thomas  F.  Sloan, McConnellsburg. 

J.  H.  Fulmer Muncy. 

W.  T.  Butz New  Castle. 

S.  W.  Morrison, Oxford. 

Capt.  A.  Goldsmith, Quakertown. 

J.  L.  Morrison Sharon. 

Wm  A.  Engel, Shenandoah. 
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Displayntan.  Station. 

Wm.  Schrock, Somerset. 

Postmaster, Meadville. 

Frank  Ross Oil  City. 

Lerch  &  Rice, Bethlehem. 

John  W.  Aitken, Carbondale. 

Signal  Office, Erie. 

J.  R.  Raynsford Montrose. 

E.  P.  Wilbur  &  Co South  Bethlehem. 

Agricultural  Experiment  Station State  College. 

Signal  Office Pittsburgh. 

E.  H.  Baker, Williamsport. 

Neiv  Era Lancaster. 

State  Normal  School Clarion. 

Clarion  Collegiate  Institute, Rimersburg. 

E.  S.  Chase, Eagles  Mere. 

Thiel  College Greenville. 

D.  G.   Hurley Altoona. 

Armstrong  &  Brownell Smethport. 

J.  E.  Forsythe Butler. 

James  H.  Fones, Tionesta, 

Wister,  Hacker  &  Savage Germantown. 

W.  J.  Thompson  &  Co ;     .     .     .     .  Clifton  Heights. 

Steward  M.  Dreher, Stroudsburg. 

State  Normal  School Millersville. 

E.  C.  Wagner Girardville. 

Hartford  P.  Brown Rochester. 

L.  H.  Grenewald, York. 

J.  E.  Pague Carlisle. 

C.  L.  Peck Coudersport. 

H.  D.  Miller Drifton. 

Smith  Curtis Beaver. 

M.  Tannehill Confluence. 

S.  C.  Burkholder Pollock. 

Robt.  M.  Graham, Catawi'ssa. 

Henry  F.  Bitner Millersville. 

A.  J.  Edelman, Pottstown. 

A.  M.  Wildman Langhorn. 

N.  E.  Graham, East  Brady. 

B.  F.  Gilmore Chambersburg. 

Frank  M.  Morrow, Altoona. 

A.  Simon's  Sons, .  Lock  Haven. 

E.  W.  McArthurs, Meadville. 

J.  K.  M.  McGovern, Lock  No.  4. 

Raftsman' s  Journal, Clearfield. 

W.  S.  Ravenscroft, Hyndman. 

R.  C.  Schmidt  &  Co Belle  Vernon. 
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Oscar  D   Stewart,  Sgt.  Sig.  Corps. 
Rev.  A.  Thos.  G.  Apple. 
C.  M.  Dechant,  C.E. 
Dr.  Charles  B.  Dudley. 
Prof.  J.  A.  Stewart. 


Prx)f.  Wm.  Frear. 
Geo.  H.  Dunkle. 
lessee.  Green,  D.D.S 


C.  M.  Thomas,  B.S. 
Nathan  Moore. 
Prof.  John  A.  Rolib. 
Robert  M.  Graham. 

R.  B.  Derickson. 

J.  E.  Paeue. 

Frank  Ridgway,  Sgt,  Sig.  Corps. 


Prof.  W.  J.  Swigart. 
Prof.  Alberts    Maltby. 


Geo.  W.  Bowman,  A.M.,  Ph.D. 


W.  M,  Schrock. 
E.  S.  Chase. 
H.  D.  Dcming. 
Wm.  Loveland. 
Theodore  Day. 

iohn  Torrcy. 
In.  L.  H.  Grencwald. 


s  Uken  at  8  A.  M.  and  3  P.  M. 


T.  F,  TowNSEND,  Sgrgeant  Signai  Corps,  Assistant. 
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